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@ High track density media with optical servo tracks and method and apparatus for Inscribing the 
tracks on the media. 



® A magnetic information storage medium, such as a floppy or rigid magnetic disk, and an apparatus and 
<S method for inscribing a plurality of indelible grooves in a surface of the medium to function as optical servo 
^tracks. The grooves can be in the form of a plurality of continuous or noncontinuous concentric circles. The 
O) grooves can also be a continuous spiral or a plurality of continuous concentric circles having non-constant widths 
in and/or depths. The apparatus comprises a platen and drive motor for rotating the medium, an argon ion laser 

light source for generating a beam of light, optical components for directing the beam of light to a beam focusing 
^carriage and a microcomputer for controlling the apparatus. The method involves rotating the medium under the 
^focused light beam to inscribe the grooves on the surface of the medium. Optical track densities greater than 
^lOOO tracks per inch can be obtained with the method. 
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High Track Density Media Witli Optical Servo Tracks and Method and Apparatus for Inscribing The 

Tracks on th Media 



BACKGROUND OF THE INVENTION 



5 Reld of the Invention 

The present invention relates to information storage media possessing optical servo tracks and an 
apparatus and method for inscribing tracks on the media and more particularly to magnetic disk media in 
which the optical servo tracks comprise a plurality of concentric grooves inscribed in the surface of the disk, 
JO e.g. by a laser, while the disk rotates at high speeds. 



Description of tfie Prior Art 

fs The track density of magnetic storage disks for conventional floppy disk drives is approximately forty- 
eight to one hundred thirty-five tracks per inch (TPI). In contrast, optical disk drives are capable of achieving 
track densities in excess of 15.000 TPI. These higher track densitites are achieved through the use of 
closed loop optical servos that allow the read/write head to follow data track eccentricities caused by 
defects in the medium and by disturbances from outside forces. In rigid type magnetic disk drives, track 

20 densities of up to 1500 TPI are presently used. These drives commonly have multiple disks in which both 
sides are used for data. To achieve the high track density a dedicated surface of one of the disks Is used 
for magnetic track servo information. This surface is then not usable for data storage. Thus, the total 
capacity of the drive is lessened The tracking servo information is also capable of being accidentally erased 
causing loss of access to all data. 

25 Various techniques have been reported for using optical means for acquiring track following servo 
information contained on a magnetic recording medium. For example, Ahn. et al in U.S. Patent 4,633,451, 
issued on December 30. 1986, for "Optical Sen/o For Magnetic Disks", disclose the use of a laser diode to 
read track following sen/o information in the form of a plurality of spots cootianed in an optical layer 
positioned above a magnetic recording layer. 

30 DiStefano. et al. in U.S. Patent 4,570.191. issued on February 11. 1986. for "Optical Sensor for Servo 
Position Control", disclose a servo sensor comprising a light source and a light detector, axially aligned and 
contained on a single semiconductor chip. 

M. Johnson, in U.S. Patent 4.558.383. issued on December 10, 1985. for "Information Storage Disk 
Transducer Position Control System Using a Prerecorded Servo Pattern Requiring No Alignment With the 

05. Storage Disk", discloses a servo apparatus having a sensor for detecting a pattern of spots on a surface of 
an infomnation storage medium. The spots comprise a dense array of substantially translation Invariant 
marks and separate information recording tracks are detected by measuring the rate at which the spots are 
detected by the sensor. 

J. Cocke, et al. in U.S. Patent 4.587.579. issued on May 6. 1986, for "System for Position Detection on 
40 a Rotating Disk", disclose a servo control system comprising a detector for reading a plurality of spiral 
radial-position-encoding pattems on a medium. 

A.S. Hoagland in "Optical Servo of Magnetic Recording", IBM Technical Disclosure Bulletin. Vol. 20- 
(10), page 4108 (March 1978). suggests a system for achieving optical servo control where a flexible disk 
medium includes a plurality of optical servo tracks positioned underneath a magnetic layer. 
45 DA Thompson, et al in "Embossed Servo Techniques For Roppy Disks", lERE Conference Proceed- 
ings. No. 43. p. 321 (July 1979), suggests tiie use of embossed marks on flexible magnetic media for 
obtaining non-magnetic optical or capacitive sen/o information. 

N. Koshino and S. Ogawa in "Optical Metiiod of the Head Positioning in Magnetic Disk Systems", 
preprint from IEEE Transactions on Magnetics (1980). disclose an optical head for achieving track following 
50 servo control which is mounted on the head arm and which includes an LED light sourc and three optical 
fibers for delivering light to a medium. The medium comprises a plurality of circular optical tracks, dyed 
black, and locat d underneatii a magnetic film. 

Related work has occun-ed in tiie laser video disk area, from which optical disks for digital data storage 
and the audio laser disk (CD) have evolved. Fundamentally. One optical servo information is inscribed and 
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used in the same way for all these disks. A mastering machine is used to format opdcal Information onto a 
master disk. The master is then replicated to form the actual disk used by the customer. A laser and 
associated optics ar used to acquire the mastered servo information as well as read data from the disk. 
The data can be inscribed during the mastering process as with the video and audio disks or it can be 
written by the r ad/write laser as in disks for digital information storage. 

K. D. Broadbent in "A Review of the MCA Disco-Vision System", Journal of the SMPTE (1974), 
describes the Laser Video mastering technique as well as the servo and read back methods. The mastering 
machine uses an argon laser to ablate pits in a metallic layer which was deposited on a glass plate. Disks 
are replicated from the master which contain servo information as well as the video data. A technique for 
deriving the servo information is described. 

The information used for the tracking servo is contained in the laser disks within the features (grooves 
or pits) that are on the data layer of the disk. The feature causes the reflected light to be modulated in such 
a way that an en-or signal can be derived. By the features depth and width being on the order of the 
wavelength of the laser light, reflected light is modulated by diffraction effects. The effect of diffraction is 
most pronounced with coherent light as emitted by a laser. 

SUf^MARY OF THE PRESENT INVENTION 



It is therefore an object of the present invention to provide magnetic media containing a plurality of 
tracks having information that can be detected by optical means and used for track following servoing. 

It Is another object of the present invention to provide magnetic media containing optical servo tracks 
that have data track densities greater than approximately 1000 tracks per inch. 

It is another object of the present invention to provide an apparatus for inscribing magnetic media with a 
plurality of high track density optical sen^o tracks. 

It is another object of the present invention to provide a method for inscribing magnetic media with a 
plurality of high track density optical sen/o tracks. 

It is another object of the present invention to provide a method for inscribing indelible optical servo 
30 tracks on standard magnetic media. 

It is another object of the present invention to provide a method for inscribing media with optical sen^o 
•information in which the optical servo information and the magnetic data are not Interactive. 

It is another object of the present Invention to provide a medium on which the tracking servo information 
is indelible, but the magnetic data can be erased and rewritten. 
35 It is another object of the present invention to provide a medium having tracking servo information that 
will not be lost as the medium wears. 

It is another object of the present invention to provide a method for inscribing tracking servo information 
on the same surface as data in such a manner that total data capacity is maximized. 

Briefly, a preferred embodiment of the present invention comprises a thin cylindrical piece of flexible 
40 magnetic substrate, such as a piece of polyethylene terephthalate (Mylar) coated with a magnetic layer on 
one or both sides (i.e. a floppy disk), in which a plurality of grooves in the form of continuous concentric 
rings have been inscribed on either one or both of the circular faces of the cylinder. Alternatively, a medium 
could comprise a metal substrate coated with a magnetic layer on one or both sides. A plurality of 
noninscribed regions exist on each face of the cylindei- with one noninscribed region lying between every 
45 two adjacent grooves. Information can be stored on the noninscribed regions while the grooves can be used 
as optical servo tracks. Typically, the grooves have a width of approximately three microns and a depth of 
approximately one micron. The spacing between the grooves, which is the width of the noninscribed 
regions, is approximately seventeen microns. Therefore, on a disk. e.g. a 2 Inch. 3.5 inch. 5.25 inch or 8 
inch floppy disk, an optical track density equal to or greater than approximately 1.250 tracks per inch can 
50 be obtained. The width of a data track on one of the noninscribed regions is generally determined by the 
width of the gap on the magnetic head. One or more magnetic data tracks can be placed between each pair 
of optical tracks. 

A prefen-ed embodiment of the apparatus for manufacturing the optical servo tracks comprises an ion 
laser, e.g. a five-watt argon ion laser, for generating a beam of light which passes through an acousto-optic 
55 deflector which deflects the beam to an obstruction when the defector is on. A microcomputer, e.g. an IBM 
PC/AT compatible computer, monitors an encoder on a platen/spindle motor assembly. The platen is driven 
by a 6000 rpm variable speed spindl motor. The disk to b inscribed with optical tracks is mounted on the 
platen. When the command is sent to inscribe a track, the deflector is turned off allowing the light beam to 
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pass to several routing mirrors and a beam forming optical system, .g. a telescope, and then to a 
mirror objective lens assembly mounted on a carriage assembly. The beam of light is focused to a small 
spot on the spinning disk. The energy density of the focused spot of light is such that some of the disk 
surface is ablated, forming the optical track. .After one revolution is sensed, the deflector is turned on thus 

5 causing the beam to once again hit the obstruction. The carriage assembly then shifts to a new position so 
another concentric ring can be inscribed on the medium. A laser interferometer, interfaced to the 
microcomputer, provides a means for evaluating and correcting the movement of the carriage assembly. 
The rotational speed of the platen is changed so that the linear velocity at a second bum point will be equal 
to the linear velocity at the first burn point. Alternatively, the power of the laser could be varied to yield a 

w constant energy density at the burn points. 

A focus monitor is mounted in the path of the beam of laser light. Some of the light which hits the disk 
is reflected back through the objective lens and is redirected to the focus monitor. Small vertical 
movements of the media and thermal drift of the components which would cause the spot of laser light to 
be defocused are detected by the monitor. These movements and thermal drift can be compensated by 

T5 moving the objective lens in the vertical direction. Additionally, the apparatus is mounted on a vibration 
isolated table which isolates the lens assembly, laser, routing mirrors and spindle assembly from external 
forces applied to the apparatus and from disturbances within the appratus which would result in inaccura- 
cies of track position on the medium. 

An advantage of the present invention is that the cylindrical piece of magnetic media comprises a 

20 plurality of grooves in the form of continuous, concentric rings. 

Another advantage of the present invention is that the optical tracks have a track density greater than 
1000 tracks per inch which allows a data track density of 1000 tracks per inch or greater. 

Another advantage of the present invention is that the optical grooves on the magnetic medium can be 
inscribed by a machine. 

25 Another advantage of the present invention is that the optical grooves on the magnetic medium can be 
inscribed by using a simple method. 

Another advantage of the present invention is that indelible optical servo tracks may be inscribed on 
standard magnetic media. 

Another advantage of the present invention is that the optical servo information and the magnetic data 
30 on the medium are not interactive. 

Another advantage of the present invention is that the tracking servo infomnation on the medium is 
indelible but the magnetic data can be erased and rewritten. 

Another advantage of the present invention is that the optical grooves will not be lost as the medium 
wears. 

35 Another advantage of the present invention is that the total data capacity of the medium is maximized 
while keeping the tracking servo information and the magnetic data on the same surface of the medium. 

These and other objects and advantages of the present invention will no doubt become obvious to 
those of ordinary skill in the art after having read the following detailed description of the preferred 
embodiment which is illustrated in the various drawing figures. 

40 

IN THE DRAWINGS 



45 F\Q. 1 is a block diagram of a servo inscribing machine according to the present invention; 

Rg. 2 is a side view of the servo inscribing machine of the present invention; 
Fig. 3 is a top view of a cylindrical medium with optical servo tracks in the form of a plurality of 
continuous grooves arranged in concentric circles according to the present invention; 
Rg, 4 is a cross-sectional view of the medium taken along the line 4-4 of Rg. 3; 
50 Rg. 5 is a side elevational view of a strip of magnetic tape witii optical servo tracks according to the 

present invention; 

Rg. 6 is a side diagrammatic view of a tape winding system for use with an alternative embodiment 
of the media inscribing machine of Rg. 1; 

Fig. 7 is a top vi w of a cylindrical medium with optical s rvo tracks in th form of a continuous spiral 
55 according to the present inv ntion; 

Rg. 8 is a top view of a cylindrical medium with optical servo tracks in the form of a plurality of pits 
arranged in concentric circles according to tiie present invention; 
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Fig. 9 is a top view of a cylindrical medium with optical servo tracks in th form of a plurality of 
noncontinuous grooves arranged in concentric circles according to the present invention; 

Rg. 10 is a partial top view of a cylindrical medium containing optical s rvo tracks in the torn of a 
plurality of modulated continuous grooves arranged in concentric circles according to the present invention: 
5 Rg. 11 is a block diagram of an astigmatic focus control for use with the pres nt invention: 

Rg. 12 shows an in-focus laser spot projected on a four quadrant photodetector; 

Rg. 13 shows an out-of-focus laser spot elongated along a horizontal axis projected on a four 
quadrant photodetector; and 

Rg. 14 shows an out-of-focus laser spot elongated along a vertical axis projected on a four quadrant 

70 photodetector. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

ts 

Referring now to Rg. 1 . there is shown a servo inscribing machine of the present invention designated 
by the general reference numeral 10. 

A laser 14 generates a beam of coherent collimated light 18 which is directed to an aperture 19 by a 
primary mirror 20. When the path of the beam 18 is altered slightly, an altered beam 21 is produced which 

20 strikes a beamstopper 22. The beam 18 is directed to a lens 23 by a plurality of secondary mirrors 26. The 
lens 23 produces a focused beam 30 which is focused about a point "p" on a surface of a medium 34 as a 
focused spot 35. The focused spot 35 has a diameter do and a power Po- A beam forming optical system 
36 can be positioned between the primary mirror 20 and the lens 23 to expand or contract the beam 18 to 
the proper size for the lens 23. The beam forming optical system 28 can have a telescope configuration so 

25 that the beam 18 remains collimated. An actuator 37. such as a piezoelectric stage, can be mechanically 
connected to the lens 23. 

The medium 34 is supported by a platen 38 which Is mechanically connected to a motor 42 by a 
spindle 43. An encoder 44 is mechanically connected to the motor 42, An amplifier 45 is electrically 
connected to a power supply 46 by a lead 47 and to ther motor 42 by a lead 48. The power supply 46 

30 provides all the various power requirements for the servo inscribing machine 10 and may include direct 
current units, e.g. a 5V dC unit, powered by an alternating cunrent power line. The power supply 46 is 
electrically connected to a laser power supply 49. to an acoustic optic (AO) deflector 52. to a microcom- 
puter 54 and to an input/output (I/O) interface 56 by a plurality of leads 58. 60. 62 and 64. respectively. A 
keyboard 65. a terminal 66. the amplifier 45 and the input/output interface 56 are electrically connected to 

35 the microcomputer 54. An acoustic optic (AO) deflector 67 is electrically connected to the AO amplifier 52 
by a lead 68. A laser synchronization circuit 69 is electrically connected to the input/output interface 56, the 
AO amplifier 52. and the power supply 46 by a plurality of leads 70. 71 hand 72, respectively. A laser 
interferometer 74 directs a beam of coherent light 75 thru a remote interferometer 76. A lead 77 electrically 
connects the laser interferometer 74 to the computer 54. The laser interferometer 74 is a standard 

40 component which comprises a stabilized laser 78 and a power supply/controller unit 79. The power 
supply/controller unit 79 includes an RS232 communications interface 80 and an A/B quadrature output 81 
for step motor encoder inputs. The beam of coherent light is directed from the laser 78 thru the remote 
interferometer 76 and to a retroreflector 82. 

The lens 23 is an element of a canrtage assembly 84 which also includes the retroreflector 82. one of 

45 the min-ors 26 and a slider 86. The slider 86 can be. for example, a cross-roller bearing slide assembly or 
an air bearing slide. A stepper motor 88 is mechanically connected to precision lead screw 89 which is 
mechanically connected to the slider 86. An amplifier 90 is electrically connected to the power supply 46 
and to the computer 54 by a pair of leads 92 and 93. and to the stepper motor 88 by a lead 94. A focus 
monitor 96 is located between one of the min-ors 26 and the carriage assembly 84 and is electrically 

50 connected to the microcomputer 54 by a lead 98 and to a power amplifier 99 by a lead 100. 

A debris evacuation system 106. which includes a blower unit 108 and a vacuum unit 110. located near 
the platen 38. is electrically connected to a control relay 112 included in the power supply 46 by a lead 
114. An electrical lead 116 connects the relay 112 to the I/O interface 56. The debris evacuation system 
106 may also include a high potential electrostatic field. 

55 Rg. 2 shows the servo inscribing machine 10 mounted on a standard vibration Isolated table designated 
by the general numeral 120. The table 120 comprises a plurality of vibration absorbing joints 121. a first 
platfonn 122. a second platform 124 and a third platform 125 supported by a plurality of vertical members 
126. The vertical m mbers 126 ar supported by a plurality of feet 127 which are in contact with a floor 
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128. Generally, vibration causing or auxilliary components, such as the laser power supply 49 and the 
microcomputer 54 are positioned on th second platform 124 or the third platfomn 125 while the major 
components such as the laser 14. the carriage assembly 84 and the platen 38 are positioned on the first 
platform 122. 

Fig. 3 shows the prefen-ed embodiment of th, medium 34. In the preferred embodiment, the m dium 
34 comprises a thin, flexible, cylindricaily shaped piece of substrate 129 (e.g.. a polyethylene terephthalate 
(Mylar) disk substrate) coated with a magnetic layer on one or both sides, an embodiment generally 
referred to as a floppy disk. A plurality of grooves 130. which appear as a plurality of equally spaced, 
concentric circles, are inscribed in the surface of substrate 129. A plurality of noninscribed regions 132 exist 
on the surface of the substrate 129 with one of the noninscribed regions 132 existing between every two 
adjacent grooves 130. The grooves 130 may be inscribed on one face of the substrate 129 or they may be 
inscribed on both faces. A hole 134 exists in the approximate center of the substrate 129 and extends 
perpendicularly through the substrate 129. An outer ring 136 and an inner ring 138 also exist on the surface 
of the substrate 129. The outer ring 136 comprises a ring which circumscribes the groove 130 having the 
largest radial distance from the geometric center of the substrate 129. The inner ring 138 circumscribes the 
hole 134 and is circumscribed by the groove 130 having the smallest radial distance from the geometric 
center of the substrate 129. The medium 34 having the groove/noninscribed ring configuration just 
described will have n number of the grooves 130 on one face and n-1 number of the noninscribed regions 
132. 

in alternative embodiments, the medium 34 could be any cylindricaily shaped magnetic medium 
capable of having grooves inscribed on either or both of its faces. For example, the medium 34 could be a 
cylindrical piece of rigid magnetic medium, such as a metal substrate coated with a magnetic layer one or 
both sides, an embodiment generally referred to as a hard disk. 

Rg. 4 shows a cross-sectional view of the medium 34 with the grooves 130 appearing on only one face 
of the medium 129. The grooves 130 have a width w and a depth d. The noninscribed regions 132 have a 
width s which represents the spacing between the grooves 130. The substrate 129 has a thickness T. A 
magnetic coating 139 is located on the surface of the substrate 129 and has a thickness t. The groove 130 
are indelible. In other words, once the grooves 130 are inscribed on the surface of the substrate 129. they 
cannot be removed or altered. It should also be noted that the depth d does not have, to be well defined as 
shown in Rg. 4. In some situations, it would be adequate if the surface of the substrate 129 were only 
"charred" so as to create a region of optical contrast between the charred and uncharred regions. 

. The grooves 130 comprise- a plurality of continuous concentric rings with each ring having a radius r 
measured from an axis f40, which is coincident with the geometric center of the cylindrical piece of 
magnetic medium 129. to the center of the groove 130. The radius corresponding to the outermost groove 
130 is designated as rn and the radius corresponding to the innermost groove 130 is designated as ro. 
Similarly, the noninscribed regions 132 comprise a plurality of continuous concentric rings with each ring 
having a radius x measured from the axis 140 to the center of the noninscribed region 132. The largest 
radius value for non-inscribed regions is designated as x„ and the smallest value of x is designated as Xq. 

In the prefen-ed embodiment, the spacing s is approximately seventeen microns (.00067 inches), the 
width w is approximately three microns (.00012 inches) and the depth d is approximately one micron 
(.00004 inches). The thickness T of the medium 129 can range from approximately .002 inches to .003 
inches. In the preferred embodiment the thickness t of the magnetic coating 139 is approximately one to 
two microns thick on. for example, a disk with a diameter D of 3.5 inches. For disks with diameters D of 
5.25 or 8 inches, the thickness t of the magnetic coating 139 could range from approximately one to three 
microns. It should be noted that the values stated for the diameter D are only given for illustrative purposes 
and the actual value is immaterial to the present invention. Numbers such as 3.5 inches or 5.25 inches used 
in conjunction with magnetic media actually refer to the generic size of the media. Typically, it is the 
medium container that has the dimension of 3.5 or 5.25 inches and the medium itself has a slightly smaller 
dimension so that it will fit within the container. 

Rg. 5 shows a thin rectangular strip of magnetic tape designated by the general reference numeral 144. 

The tape 144 can be used as the medium 34 in Rg. 1. A plurality of longitudinal grooves 146 and a 
plurality of longitudinal noninscribed areas 148. analogous to the grooves 130 and the noninscribed regions 
132. exist on the surface of the tape 144. 

Rg. 6 shows a portion of an alternative embodiment of the sen/o inscribing machine 10 in which the 
platen 38 and the motor 42 have been replac d by a spooling device 150 for inscribing th magnetic tape 
144 shown in Rg. 5. Th tape 144 is contained on a f eder re I 152 and a take-up reel 154. A pair of 
motors 156 and 158 drive the reels 152 and 154. respectively, and ar electrically conn cted to the 
input/output interfac 56 by a lead 160. A flat surface 162 supports the tape 144 in the region where the 
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beam 30 strikes the tape 144. 

Fig. 7 shows an alternative form of the medium 34 in which the groove 130 comprises a single 

continuous spiral pattern 184. The plurality of nonreflective areas 132. having an approximat width s as In 

Rg. 4. exist between adjacent groove regions of the spiral pattern 164. 
5 Rg. 8 shows an alternative form of the medium 34 in which the grooves 130 comprise a plurality of pits 

166 which are approximately circular in form. The pits 166 are arranged in evenly spaced concentric rings 

having the spacing s as in Rg. 4. 

Rg. 9 shows another alternative form of the medium 34 in which the grooves 130 comprise a plurality 

of noncontinuous grooves 168 anranged in concentric rings having the spacing s as in Rg. 4. 
70 Rg. 10 shows a portion of another alternative form of the medium 34 in which the grooves 130 

comprise a plurality of modulated grooves 169. The modulated grooves 169 are similar to the grooves 130 

shown in Rg. 4, but the width "w" and/or the depth "d" change at a plurality of modulation points 170. 

Information can be encoded into the grooves 169 by exploiting the location of the modulation points 170. 

For example, in the preferred embodiment, the modulation points 170 occur at regular intervais and could 
15 be used to generate a clock. Similarly, other types of information such as track servoing information or track 

seeking information could be encoded In the modulated grooves 169. 

Rg. 1 1 shows the components of a commonly available astigmatic focus control which could function 

as the focus monitor 96. The beam 18 passes through a half wave phase retardation plate 174, a 

polarization beam splitter 176 and a quarter wave phase retardation plate 178. and impinges on the lens 23 
20 which forms the focused beam 30 and the focused spot 35. Some of the focused beam 30 is reflected off 

the medium 34 as a reflected beam 180 which is retrodirected back through the lens 23 and the quarter 

wave plate 178. The polarization beam splitter deflects the reflected beam 180 so that it passes through an 

attenuator 182. a converging lens 184 and a cylindrical lens 186. The reflected beam 180 then Impinges on 

a four quadrant photodetector 188 which Is electrically connected to a servo amplifier 190 by a plurality of 
25 output leads 191. The amplifier 190 is electrically connected to the microcomputer 54 by the lead 98. The 

power amplifier 99 Is electrically connected between the actuator 37 and the microcomputer 54. 

Rg. 12 shows an in-focus image 196 of the reflected beam 180 projected on the four quadrant 

photodetector 188. 

Rg. 13 shows an out-of-focus image 197 of reflected beam 180 which is elongated along a horizontal 
30 axis. 

Rg. 14 shows an out-of-focus Image 198 of reflected beam 180 elongated along a vertical axis. 
Refem'ng now to Rg. 1. the method of operation of the media inscribing machine 10 can be explained. 
The medium 34 lies on the platen 38 which is rotated by the motor 42. The platen 38, which can be 
comprised of stainless steel, should preferrably be substantially flat with a surface finish of approximately 

35 two to four microinches and substantially free of vertical movement. This will ensure that the medium 34 will 
be rotated in a horizontal plane. The motor 42 can be a variable rotational speed motor capable of attaining 
0 to 3600 rpm in two seconds or less and capable of attaining 0 to 6000 rpm in ten seconds or less with a 
forty pound/Inch inertial load capacity. 

The motor 42 Is powered by the amplifier 45 which can be a 110V A.C. single phase amplifier with a 

4o' +/-10V input velocity control. 

The laser 14. which can be a five watt argon ion laser, emits the beam of light 18. With an argon laser, 
the beam 18 has a wavelength of 488.0 or 514.5 nm. When the acoustic optic deflector 67 is deactivated, 
the beam 18 passes through the aperture 19 and Is directed to the lens 23 by the plurality of secondary 
min-ors 26. The mirrors 20 and 26 are optically tuned for the wavelength of radiation generated by the laser 

45 14 and are thus highly reflective for the beam 18. The lens 23 focuses the beam 18 and produces the 
focused beam 30. The focused beam 30 is focused about the point p substantially perpendicular to the 
surface of the medium 34 and produces the focused spot 35 having the diameter do and the power Po. The 
lens 23 provides a total depth of focus at the surface of medium 34 of approximately six microns. The 
power of the laser 14 is adequate to yield the power Po of at least approximately .26 watts at the focused 

so spot 35 on the surface of the medium 34. Po can be varied by changing the power out of the laser 14. for 
example, by varying the current going Into the laser at the laser power supply 49. By rotating the medium 
34 at a constant linear velocity, a constant amount of power per unit area is delivered to the medium 34. 
The interaction of the focused beam 30 with the rotating surface of the medium 34 creates the groove 130. 
The debris evacuation system 106 functions to remove debris generated by the heating of the medium 

55 34 at the point P by the beam 30. The blower unit 108 generat s a stream of clean pressurized gas which 
can be nitrogen, for example, which blows across the surface of th medium 34. The vacuum unit 110. 
which Is generally located distally to the blower unit 108. operates at a negative pressure and sucks in 
debris propelled by the pressurized stream of gas. A high potential AC electrostatic field can be used in 
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conjunction with the d bris evacuation system 106 to collect debris for more effici nt removal by the blower 
unit 108 and the vacuum unit 1 10. 

The microcomputer 54 initiates the groov inscription process by activating the laser synchronization 
circuit 69. The encoder 44 s nds a signal to the laser synchronization circuit 69 indicating that a revolution 

5 of the platen 38 is beginning. The circuit 69 deactivates the acoustic optic deflector 52 which allows the 
beam 18 to pass through the aperture 19 to lens 23. The encoder 44 indicates when a predetermined 
number of revolutions of the platen 38 have occurred. For example, the predetermined number may be one 
or more complete revolutions or it may be a fraction of a revolution. One revolution of the platen 38 creates 
one of the continuous circular grooves 130 having a first radius ri. Before inscribing a new circular groove 

10 130, having a second radius rj. the beam 30 must be deflected from the medium 34 and the lens 23 must 
be moved an incremental amount to a new position. To initiate this process, the encoder 44 sends a signal 
to the laser synchronization circuit 69 indicating that one revolution has been completed. The laser 
synchronization circuit 69 activates the acoustic optic deflector 67 which shifts the path of the beam 18 
recreating the altered beam 21 which strikes the beamstopper 22. Because the altered beam 21 is not 

15 directed to the lens 23 under these conditions, there Is no beam 30 to strike the medium 34. 

Simultaneous with the deflection of the beam 18, the microcomputer 54 activates the amplifier 90 which 
causes the stepper motor 88 to move the carriage assembly 84 an incremental amount. The lens 23 and 
one of the mirrors 26 move with the carriage assembly 84 because they are physically attached to it. 
Incremental movement (on the order of one microinch) of the carriage assembly 84 is accomplished by the 

20 precision lead screw 89. having forty turns per inch, attached to the slider 86 and being driven by the 
stepper motor 88 operating at 25,000 steps per revolution. The laser interferometer 74, the remote 
interferometer 76, and the retroreflector 82 function in combination to evaluate the actual distance that the 
carriage assembly 84 has moved. Information on the actual movement of the assembly 84 is conveyed to 
the microcomputer 54 via the lead 77 so that further movement of the canriage assembly 84 can be 

25 initiated. 

Once the carriage assembly 84 has been moved to its new position, the new circular groove 130 having 
the radius r2 can be inscribed. Generally, the grooves 130 are inscribed in the order of largest to smallest 
radius. The amount of the incremental movement of the carriage assembly 84 will correspond to the 
spacing s and the width w. The depth d and width w of a particular groove 130 is a function of the energy 
30 density delivered by the beam 30. In order to achieve a constant depth d and width w for the grooves 130, 
the medium 34 must move under the lens 23 with a constant linear velocity. As indicated by equation 1 
below, linear velocity, Vl, is a function of the groove radius r. The spin velocity "b" is in revolutions per 
minute (rpm). 
Vt = 27rrxb (1) 

35 The energy, ED. of the focused beam 30 is proportional to the power. Po. within the focused spot 35 divided 
by the spot diameter, do. multipted by the linear velocity Vl as shown in equation 2. 



ED 



40 



(2) 



By varying the rotational speed (rpm) of the motor 42, a constant linear velocity can be achieved despite 
the changing groove radius r, thus resulting in a constant energy density being delivered to the medium 34. 

Another important factor in controlling the unifonmity of the grooves 130 is the vertical movement of the 
medium 34. This vertical movement is primarily reduced by restricting the vertical movement of the platen 
38 and ensuring the flatness of the platen 38. As an added measure, the focus monitor 96 can be utilized to 
keep the beam 30 focused on the point p by moving the lens 22 up and down as the surface of the medium 
34 fluctuates. The focus monitor 96 functions by causing a change in voltage which is proportional to a 
change in the vertical position of the medium 34. The voltage change can be produced with a common 
focus error detection technique such as tiie astigmatic focus enror method shown in Rg. 1 1 . Light reflected 
from the medium 34 as the reflected beam 180 is collected by tiie lens 23 and retrodirected back through 
the quarter wave plate 178 which converts tiie polarization of the beam 180 from circular to linear 
polarization. Since tiie plane of polarization has been rotated ninety degrees, the beamsplitter 176 diverts 
tiie reflected beam 180 to the four quadrant photodetector 188. The pr s nee of the converging lens 184 
and the cylindrical lens 186 focuses and astigmatizes the beam 180 into a spot whose intensity distribution 
is non-uniform in the tangential and saggital axes of tiie beam 180 on the far side or near side of the ideal 
focus point of lens 23. The att nuator 182 is placed b tw en the polarization beamsplitter 176 and the 
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converging lens 184 to lower the beam power to within the dynamic range of the detector 188. 

The astigmatic spot is imaged onto the four quadrant photodetector 188 as shown in Fig. 12. The 
output leads 191 of the photodetector 188 are connected to the servo amplifier 190 such that each two 
opposite segments of the photodetector are added and the resultant signal from ach pair are subtracted to 

5 . obtain an e^or signal (ES) as shown in equation 3. 
ES = (A + C)-(B + D) (3) 

The error signal is amplified by the amplifier 99 and used to power the actuator 37, which could be a 
piezoelectric transducer. The actuator 37 moves the lens 23 up and down in a plane parallel to the axis of 
the beam 18. As the medium 34 moves in the vertical direction, the movement is detected and the beam 30 

TO is refocused by moving the iens 23 up or down relative to the medium 34. 

In the preferred embodiment, the focus monitor 96 is used once at the beginning of the inscribing of 
each disk. Alternatively, it could be used continuously as the disk is inscribed. 

Another method of reducing vertical (and horizontal) movement of the medium 34, is to mount the servo 
inscribing machine 10 on the vibration isolated table 120. The vibration isolated table functions to reduce 

75 vibration by isolating the lens 23. the laser 14, the mirrors 20 and 26 and the platen 38 from external forces 
and from disturbances generated within the machine 10. 

The microcomputer 54 can be an IBM PC/AT compatible type computer and a basic program, e.g. 
Borland's Turbo Basic or Microsoft Basic, can be utilized to control the overall functioning of the servo 
inscribing machine 10. The input'output (I/O) interface 56 is electrically connected to microcomputer 54 and 

20 provides an interface for connecting circuits such as the laser synchronization circuit 69 to the microcom- 
puter 54. The interface 56 comprises a serial port RS-232 interface board and an I/O interface with solid 
state relays that control the air valves for the blower unit 108 and the vacuum unit 110. The power supply 
46 provides power for the microcomputer 54, the laser 14, the amplifiers 45 and 90 and elements 
connected to the interface 56. The control relay 112 in the power supply 46 provides control of the vacuum 

25 power. 

The servo inscribing machine 10 can also be used to inscribe grooves on media having shapes other 
than the cylindrical structure of the medium 129. For example, Fig. 5 shows a section of the long thin 
rectangular strip of magnetic tape 144. The longitudinal grooves 146 are inscribed on the tape 144 by using 
the microcomputer 54 and the input/output interface 56 to control the motors 156 and 158 shown In- Fig. 6. 
30 As the tape 144 moves past the flat surface 162, the beam 130 inscribes the groove 146. At the end of the 
reel, the beam 30 is temporarily deflected, the carriage assembly steps to a new position and the tape is 
inscribed in reverse. 

The spiral pattern 164 shown in Rg. 7 is inscribed by setting the motor 42 to spin at a constant 
velocity, e.g. 3600 rpm. while changing the larger output power. The carriage assembly 84 is placed into a 

35 constant step rate motion of 48000 steps per second resulting in the spiral track spacing of 800 microinch 
at 3600 rpm. This changes the radial position of the beam 30 and the point p at a constant rate. An index 
pulse from the encoder 44 is used by .the laser synchronization circuit 69 to enable the laser 14 to the 
surface of the disk. Each subsequent index pulse is counted until a total of. for example. 840 revolutions is 
reached. At that point, the index pulse causes the laser beam 30 synchronization circuit 69 to remove the 

40 laser from the disk. 

In general, the proper step rate (SR). in steps per second, can be calculated from equation 4 below 
where the pitch equals the distance **5" plus V from Rg. 4. one step equals one microinch. and "b" is the 
spin velocity in rpm. 
SR = pitch X b/60 (4) 

45 Examination of equation 4 shows that the spiral pattern 164 is actually a "step" pattern which approximates 
a spiral. 

The pits 166 shown in Rg. 8 are inscribed by setting the spindle motor 42 to spin at a constant velocity 
of, for example. 3600 rpm. The carriage assembly 84 is moved to the track 0 position and a command is 
issued to begin a track write. At index, the logic in the laser synchronization circuit 69 begins to issue a 
so pulse train to the A/0 deflector 67 that is phase locked to the sector pulses from the encoder 44. This 
causes the beam 30 to be directed at the medium 34 for short periods of time, thus forming the pits 166. At 
the next index pulse the track is complete and the canriage is moved to the next track and the laser power 
is lowered. 

The noncontinuous grooves 168 shown in Fig. 9 are inscribed by a process similar to that used for 
55 inscribing the pits 166. The only difference is that the length of time the beam 30 is directed at the medium 
34 is increased for inscribing the grooves 168. 

The modulated grooves 169 shown in Rg. 10 are inscrit^ed by a process similar to that used for 
inscribing the pits 166 and the noncontinuous grooves 168 shown in Rgs. 8 and 9. respectively. However, 
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instead of the beam 30 being deflected away from the m dium 34 for short periods of time, the power 
within the beam 30 is changed during the appropriate time Interval. This causes a change of energy at the 
point "p" on the surface of the m dium 34 which causes the groove width and depth to change at the 
modulation points 170. The modulation points 170 can carry encoded information. 

Similarly, the pits 166 in Rg. 8 or the noncontinuous grooves 168 In Rg. 9 could canry encoded 
information by causing width or depth variations in the pits 166 or in the grooves 168. 

Other types of cylindrical media that can be used as the medium 34 in Rg. 1 include floppy disks of 
other generic sizes (e.g. 2. 5.25 inch and 8 Inch) and rigid magnetic disks of various generic sizes (e.g. 2. 
3.5. 5.25. 8 and 14 inch). * . " 

Although the present invention has been described in terms of the presently preferred embodiment it is 
to be understood that such disclosure is not to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those skilled in the art after having read the above 
disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations 
and modifications as fail within the tnje spirit and scope of the invention. 



Claims 

I . A magnetic information storage medium having indelible tracking servo information. 
20 2. The magnetic information storage medium of claim 1 wherein. 

the indelible tracking servo information comprises a plurality of grooves. 

3. An information storage medium comprising: 
a medium; and 

a plurality of grooves inscribed in a surface of the medium. 
25 4. The Information storage medium of claim 3 wherein, 

the medium comprises a thin cylindrical piece of a flexible magnetic medium. 

5. The information storage medium of claim 3 wherein, 

the mediurn comprises a thin cylindrical piece of a rigid magnetic medium. 

6. The information storage medium of claim 3 wherein, 

30 the medium comprises a thin rectangular piece of a flexible magnetic medium. 

7. The information storage medium of claim 3 wherein, 

the grooves have a constant width approximately in the range of two to five microns. 

8. The informationn storage medium of claim 3 wherein, 
the grooves have a nonconstant depth. 

35 9. The information storage medium of claim 4 wherein. 

the grooves comprise a plurality of continuous, equally spaced concentric circles. 

10. The information storage medium of claim 4 wherein, 
the grooves comprise a plurality of noncontinuous grooves, arranged in equally spaced concentric circles. 

I I . The information storage medium of claim 5 wherein, 

40 the grooves comprise a plurality of equally spaced continuous concentric circles. 

12. The information storage medium of claim 5 wherein, 

the grooves comprise a plurality of noncontinuous grooves, arranged in equally spaced concentric circles. 

13. An apparatus for inscribing a plurality of grooves on a surface of a magnetic medium which 
comprises: 

45 a light source for providing a beam of light to inscribe a surface of a magnetic medium; 
means for focusing said beam of light on said surface of said magnetic medium; 

means for varying the position of said beam of light relative to a point on said surface of said magnetic 
medium: and 

automatic control means electrically connected to the means for varying the position of said beam of light, 
50 the automatic control means functioning to send positional information to the means for varying the position 
of said beam of light, whereby the inscribing of said magnetic medium by said beam of light can be 
controlled by said automatic control means. 

14. The. apparatus of claim 13 wherein, 

the m ans for focusing said beam of light comprises a lens. 
55 15. The apparatus of claim 13 wherein. 

the means for focusing said beam of light includes a focus monitor for refocusing said beam of light in 
response to mov ment of said magnetic medium. 
16. The apparatus of claim 15 wherein. 
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the focus monitor comprises an astigmatic focus control. 

17. The apparatus of claim 13 furth r comprising: 

means for changing the size of said beam of light, positioned betwe n the light source and the means for 
focusing said beam of light. 

18. The apparatus of claim 17 wherein said means for changing th siz of said beam of light 

comprises a telescope. 

19. The apparatus of claim 13 further comprising: 

means for directing said beam of light to the means for focusing said beam of light. 

. 20. The apparatus of claim 13 further comprising: 
means for moving said magnetic medium. 

21. The apparatus of claim 13 wherein said means for varying the position of said beam of light 
comprises: 

a slide assembly: 

a precision lead screw, mechanically attached to the slide assembly; and 

a stepper motor movably attached to the precision lead screw and functioning to move the lead screw and 
the slide assembly in discrete steps. 

22. The apparatus of claim 13 wherein, 
said light source comprises a laser. 

23. The apparatus of claim 13 further including: 

means for deflecting said beam of light from the means for focusing said beam of light 

24. The apparatus of claim 13 further comprising: 

means for evacuating debris from the vicinity of said magnetic medium. 

25. The apparatus of claim 13 wherein the automatic control means comprises a microcomputer. 

26. The apparatus of claim 20 wherein. 

said magnetic medium comprises a thin cylindrical piece of a flexible magnetic medium. 

27. The apparatus of claim 20 wherein. 

said magnetic medium comprises a thin cylindrical piece of a rigid magnetic medium. 

28. The apparatus of claim 20 wherein. 

said magnetic medium comprises a long thin rectangular piece of flexible magnetic medium. 

29. A method for inscribing a plurality of grooves on a surface of a magnetic medium which comprises: 

a. focusing a beam of light about a first point on a surface of a magnetic medium; 

b. changing the relative position of the first point and the beam of tight at a first constant velocity with 
the beam of light imparting a constant energy density to said surface of the medium; 

c. deflecting the beam of light away from said surface of the medium when a predetermined travel 
distance of the medium has occurred; 

d. ensuring that the beam of light will impart said constant energy density to the medium at a second 
point on said surface of the medium; 

e. focusing the beam of light about said second point on said surface of the medium; and 

f. deflecting the beam of light away from said surface of the medium when said predetermined travel 
distance of the medium has occurred. 

30. The method of claim 29 wherein, 

the medium is circular in shape with a geometric center point and with said predetermined travel distance 
being a predetermined number of rotations. 

31. The method of claim 30 wherein. 

the first point and the second point are equidistant from the geometric center point 

32. The method of claim 30 wherein, 

the first point and the second point are not equidistant from the geometric center point. 

33. The method of claim 29 wherein, 

the grooves have a depth of approximately one micron. 

34. The method of claim 29 wherein. 

the grooves have a depth less than one micron but which is sufficient to alter the optical contrast of said 
surface of the medium. 

35. The method of claim 32 wherein, 

said constant energy density is ensured by rotating the medium at a s cond constant velocity different from 
said first constant velocity. 
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36. The method of claim 32 wherein. 

said constant en rgy density is ensured by changing the power of the beam of light. 

37. Th method of claim 29 furth r comprising: 

a- refocusing the beam of light automatically when the surface of the medium moves in a vertical 
5 direction. 

38. The method of claim 29 wherein. 

the medium is a thin cylindrical piece of flexible magnetic medium. 

39. The method of claim 29 wherein. 

JO the medium is a cylindrical piece of a rigid magnetic medium. 

40. A method for inscribing a spiral groove on a surface of a magnetic medium which comprises: 

a. focusing a beam of light about a first point on a surface of a magnetic medium; 

b. changing the relative position of said first point and the beam of light at a first constant rotational 
velocity with the beam of light Imparting a constant energy density to said surface of the medium: 

15 c. changing the relative radial position of the first point and the beam of light at a constant rate; 

d. ensuring that the beam of light will impart said constant energy density to said medium as the 
relative radial position of said first point and the beam of light changes; and 

e. deflecting the beam of light away from said surface of the medium when a predetermined number 
of rotations of the medium have occurred. 

20 

41 . A method for inscribing a plurality of modulated grooves on a surface of a magnetic medium which 
comprises: 

a. focusing a beam of light about a first point on a surface of a magnetic medium; 

b. changing the relative position of the first point and the beam of light at a first constant rotational 
25 velocity with the beam of light imparting a first energy density to said surface of the medium; 

c. changing said first energy density to a second energy density when a first predetermined number 
of rotations of the medium have occurred; 

d. changing said second energy density to a third energy density when a second predetermined 
number of rotations of the medium have occurred; 

30 e. deflecting the bearh of light away from said surface of the medium when a third predetermined 

number of rotations of the medium have occurred: 

f. ensuring that the beam of light .will impart said first energy density to the medium at a second point 
on said surface of the medium; and 

g. focusing the beam of light about said second point on said surface of the medium and repeating 

55 Steps c-e. 

42. The method of claim 41 wherein, 

said third energy density equals said first energy density. 
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D scrlption 

The present invention relates to information stor- 
age media possessing pttcals rvo tracks and an ap- 
paratus and metliod for inscribing tracks on the me- 5 
dia, and more particularly to magnetic disk media in 
which the optical servo tracks comprise a plurality of 
concentric grooves Inscribed in the surfece of the 
disk. e.9. by a laser, while the disk rotates at high 
speeds. 10 

The track density of magnetk: storage disks for 
conventional floppy disk drives is approximately 1 .89 
to 5.32 tracks per mm (48 to 135 tracks per inch 
(TPI)). In contrast, optical disk drives are capable of 
achieving track densities in excess of 590 tracks per is 
mm (15,000 TPI). These higher track densities are 
achieved through the use of closed loop optical ser- 
vos that allow the read/write head to follow data track 
eccentricities caused by defects In the medium and 
by disturbances from outside forces. In rigid type 20 
magnetic disk drives, track densities of up to 59 
tracks per mm (1500 TPI) are presently used. These 
drives commonly have multiple disks in which both 
sides are used for date. To achieve the high track den- 
sity a dedicated surface of one of the disks is used for 25 
magnetic track servo information. This surface is 
then not usable for data storage. Thus, the total ca- 
pacity of the drive is lessened The tracking servo in- 
formation is also capable of being accklentally erased 
causing losis of access to all data. 30 

Various techniques have been reported for using 
optical means for acquiring track following servo in- 
formation contained on a magnetic recording me- 
dium. For example, Ahn. et al in U.S. Patent 
4,633,451 , Issued on December 30, 1 986, for "Optical 35 
Servo For Magnetic Disks", disclose the use of a laser 
diode to read track following servo information in the 
form of a plurality of spots contianed In an optical lay- 
er positioned above a magnetic recording layer. 

Distefano, et al, in U.S. Patent 4,570,1 91 , issued 40 
on February 11, 1986, for "Optical Sensor for Servo 
Position Control", disclose a servo sensor comprising 
a light source and a light detector, axlally aligned and 
contained on a single semiconductor chip. 

M. Johnson, in U.S. Patent 4,558,383, issued on 45 
December 10, 1985, for "Infom^tion Storage Disk 
Transducer Position Control System Using a Prere- 
corded Servo Pattern Requiring No Alignment With 
the Storage Disk", discloses a servo apparatus hav- 
ing a sensor for detecting a pattern of spots on a sur- so 
face of an information storage medium. The spots 
comprise a dense array of substantially translation in- 
variant marks and separate information recording 
tracks ar d t cted by measuring th rat at which 
th sp ts ar detected by th s ns r. ss 

J. Cocke, et al, in U.S. Patent 4,587,579, issued 
n May 6, 1 986, for "Syst m for Position Detection on 
a Rotating Disk", disclose a servo control system 



comprising a d tector for reading a plurality f spiral 
radlal-position-encoding patt rns nam dium. 

A.S. Hoagland in "Optical Servo of Magnetic Re- 
cording", IBM T chnical Disclosure Bull tin. Vol. 
20(10), page 4108 (March 1978), suggests a system 
for achieving optical servo control where a flexible 
disk medium includes a plurality of optical servo 
tracks positioned underneath a magnetic layer. 

D.A. Thompson, et al in "Embossed Servo Tech- 
niques For Floppy Disks", lERE Conference Proceed- 
ings, No. 43, p. 321 (July 1979), suggests the use of 
embossed mari^s on flexible magnetic media for ob- 
taining non-magnetic optical or capacitive servo in- 
formation. 

N. Koshino and S. Ogawa In "Optical Method of 
the Head Positioning in Magnetic Disk Systems", pre- 
print from IEEE Transacttons on Magnetics (1980), 
disclose an optical head for achieving track following 
servo control which is mounted on the head arm and 
which includes an LED light source and three optica) 
fibers for delivering light to a medium. The medium 
comprises a plurality of circular optical tracks, dyed 
black, and located underneath a magnetic film. 

Related work has occunred in the laser video disk 
area, from which optical disks for digital data storage 
and the audio laser disk (CD) have evolved. Funda- 
mentally, the optical servo information is inscribed 
and used in the same way for all these disks. A mas- 
tering machine is used to format optical infomnation 
onto a master disk. The master is then replicated to 
form the actual disk used by the customer. A laser and 
associated optics are used to acquire the mastered 
servo information as well as read data from the disk. 
The data can be inscribed during the mastering proc- 
ess as with the video and audb disks or it can be writ- 
ten by the read/write laser as in disks for digital Infor- 
mation storages. 

K.D. Broadbenti in "A Review of the MCA Disco- 
Vision System", Journal of the SMPTE (1974), de- 
scribes the Laser Video mastering technique as well 
as the servo and read back methods. The mastering 
machine uses an argon laser to ablate pits in a met- 
allic layer which was deposited on a glass plate. Disks 
are replicated from the master which contain servo in- 
fonmatlon as well as the video data. A technique for 
deriving the servo Infbnmation is described. 

The infomnation used for the tracking servo is 
contained In laser disks within the features (grooves 
or pits) that are on the data layer of the disk. The fea- 
ture causes the reflected light to be modulated in such 
a way that an error signal can be derived. By the fea- 
tures depth and width being on the order of the wa- 
velength of the laser light, reflected light is modulated 
bydiffracti n ffects.The ffect of diffraction is nrrost 
pronounced with coherent light as mitted by a las r. 

An information storage medium and an appara- 
tus for inscribing optical servo tracks in a flat circular 
magnetic recording medium acc rding t th preanv 
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bi s of ind pendent claims 1 and 3 are disclosed in 
DE-A-26 16 362. The servo tracks are d scribed to be 
optically read out. yet no disclosure about the shape 
fth tracks can be found. Th apparatus f r inscrib- 
ing the tracks is diametrically shown, no means for 5 
exactly positioning being disclosed. 

It is already known (WO-A-65/02933) to use a 
plurality of optical guidelines recorded on the record 
medium, where one guideline is associated with each 
a data track. The guidelines have a constant width io 
and are equally spaced on concentric circles, yet they 
are located underneath the magnetic medium, so that 
only one side of the magnetic medium can be used. 

It is already known to use burnishing blades for 
surface of a flexible magnetic disk together with ap- is 
plying vacuum (EP-A-0 083 753), yet this procedure 
is not adapted for removing heated material byprod- 
ucts as occuring when burning out tracks by laser 
beams. 

Recording disks are known (EP-A-0 160 199) 20 
which are provided with a pattern of tracking servo 
grooves which are modulated in depth. Such grooves 
probably carry information. 

It is therefore an object of the present invention 
to provide magnetic media containing a plurality of 25 
tracks that can be detected by optical means and 
used for track following servoing. 

It Is another object of the present invention to pro- 
vide a method for inscribing magnetic media with a 
plurality of high track density optical servo tracks. 30 

It is another object of the present inventk>n to pro* 
vide a medium on which the track servo infonmation 
is indelible, but the magnetic data can be erased and 
rewritten. 

It Is another object of the present inventton to pro- 35 
vide a medium having tracking servo information that 
will not be lost as the nDOdium wears. 

It is another object of the present invention to pro- 
vide a method for Inscribing tracking servo infonma- 
tlon on the same surface as data in such a manner 40 
that total data capacity is maximized. 

The solution to the above problem can be found 
in the claims, wherein dalm 1 relates to a storage me- 
dium, claim 3 to apparatus and claim 9 to a method. 

Briefly, a preferred embodiment of the present in- 45 
vention comprises a thin cylindrical piece of flexible 
magnetic substrate, such as a a piece of polyethylene 
therephthalate (Mylar) coated with a magnetic layer 
on one or both sides (i.e. a floppy disk), in which a 
plurality of grooves in the form of continuous concen- 50 
trie rings have been inscribed on either one or both of 
the circular faces. Alternatively, a medium could conv 
prise a metal substrate coated with a magnetic layer 
on n or both sides. A plurality f n ninscribed re- 
gk)ns xiston achfaceofth cylinder with on non- 55 
inscribed region lying between ev ry two adjacent 
gro ves. Inf rmation can be stored on the noninscri- 
bed regions while the grooves can b used as ptical 



servo tracks. Typically, th grooves hav a width of 
approximately 3 ^m and a d pth of approximately 1 
\im. The spadng between the grooves, which is the 
width of the noninscrib dregi ns, Is approximately 17 
^m. Therefore, on a disk, e.g. a 50.8 mm (2 inch), 88.9 
mm (3.5 inch), 133.35 mm (5.25 inch) or 203.2 mm (8 
inch) floppy disk, an optical track density equal to or 
greater than approximately 49.22 tracks per mm 
(11.250 tracks per inch) can be obtained. The wklth 
of a data track on one of the noninscribed regions is 
generally determined by the width of the gap on the 
magnetic head. One or more magnetic data tracks 
can be placed between each pair of optical tracks. 

A preferred embodiment of the apparatus for 
manufacturing the optical servo tracks comprises an 
ion laser, e.g. a five-watt argon ion laser, for generat- 
ing a beam of light which passes through an acousto- 
optic deflector which deflects the beam to an obstruc- 
tion when the deflector is on. A microcomputer, e.g. 
an IBM PC/AT compatible computer, monitors an en- 
coder on a platen/spindle motor assembly. The platen 
is driven by a 6000 rpm variable speed spindle motor. 
The disk to be inscribed with optical tracks is mounted 
on the platen. When the command is sent to inscribe 
a track, the deflector is turned off allowing the light 
beam to pass to several routing mirrors and a beam 
forming optical system, e.g. a telescope, and then to 
a mirror/objective lens assembly mounted on a car- 
riage assembly. The beam of light is focused to a 
small spot on the spinning disk. The energy density 
of the focused spot of light is such that some of the 
disk surface is ablated, forming the optrcal track. Af- 
ter one revolution is sensed, the deflector Is turned on 
thus causing the beam to once again hit the obstruc- 
tion. The carriage assembly then shifts to a new pos- 
ition so another concentric ring can be inscribed on 
the medium. A laser interferometer, interfaced to the 
microcomputer, provides a means for evaluating and 
correcting the movement of the canriage assembly. 
The rotational speed of the platen is changed so that 
the linear velocity at a second burn point will be equal 
to the linear velocity at the first burn point Alterna- 
tively, the power of the laser could be varied to yield 
a constant energy density at the burn points. 

A focus monitor is mounted in the path of the 
beam of laser light Some of the light which hits the 
disk is reflected back through the objective lens and 
Is redirected to the focus monitor. Small vertical 
movements of the media and themnai drift of the conr>- 
ponents which would cause the spot of laser light to 
be defocused are detected by the monitor. These 
movements and thermal drift can be compensated by 
moving the objective lens in the vertical direction. Ad- 
diti nally, the apparatus is mount d on a vibrati n 
isolated tabl which isolates th lens assembly, las r, 
routing mirrors and spindle assembly from xternal 
forces applied t th apparatus and from disturbanc- 
es within th apparatus which would result in Inaccur- 
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acies of track positi n on the medium. 

An advantage of th pres nt invention is that th 
cylindrical piece of magn tic media comprises a plur- 
ality of grooves in the f rm of continuous, cone nthc 
rings. s 

Another advantage of the present Invention Is 
that the optical tracks have a track density greater 
than 39.37 tracks per mm (1000 tracks per inch) 
which allow a data track density of 39.37 tracks per 
mm (1 000 tracks per inch) or greater. io 

Another advantage of the present Invention Is 
that the optical grooves on the magnetic medium can 
be inscribed by a machine. 

Another advantage of the present Invention is 
that the optical grooves on the magnetic medium can is 
be inscribed by using a simple method. 

Another advantage of the present Invention is 
that indelible optical servo tracks may be inscribed on 
standard magnetic media. 

Another advantage of the present Invention is 20 
that the optical servo Information and the magnetic 
data on the medium are not interacth^e. 

Another advantage of the present Invention is 
that the tracking servo information on the medium is 
indelible but the magnetic data can be erased and re- 25 
written. 

Another advantage of the present Invention is 
that the optical grooves will not be lost as the medium 
wears. 

Another advantage of the present Invention is 30 
that the total data capacity of the medium is maxi- 
mized while keeping the tracking servo information 
and the magnetic data on the same surfece of the me- 
dium. 

These and other objects and advantages of the 35 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read the 
following detailed description of the preferred enrv 
bodiment which is illustrated in the various drawing 
figures. 40 
Fig. 1 is a block diagram of a servo inscribing ma- 
chine according to the present Invention; 
Fig. 2 is a side view of the servo inscribing ma- 
chine of the present invention; 
Fig. 3 is a top view of a cylindrical medium with 45 
optical servo tracks in the form of a plurality of 
continuous grooves arranged in concentric cir- 
cles according to the present invention; 
Fig. 4 Is a cross-sectional view of the medium tak- 
en along the line 4-4 of Fig. 3; so 
Fig. 5 is a side elevational view of a strip of mag- 
netic tape with optical servo tracks according to 
the present Invention; 

Fig. 6 is a side diagrammatic vi w of a tape wind- 
ing system for us with an alternative embodi- ss 
ment of th media inscribing machin of Fig. 1; 
Fig. 7 is a top view of a cylindricai medium with 
optical s rvo tracks in th f rm of a continuous 



spiral according t the present invention; 
Fig. 8 is a top view of a cylindrical medium with 
optical servo tracks in the form of a plurality of 
pits arranged in concentric circl s according to 
. the present invention; 
Fig. 9 is a top view of a cylindrical medium with 
optical servo tracks In the form of a plurality of 
noncontinuous grooves arranged in concentric 
circles according to the present invention; 
Fig. 10 is a partial top view of a cylindrical medium 
containing optical servo tracks in the form of a 
plurality of modulated continuous grooves ar- 
ranged in concentric circles according to the 
present invention; 

Fig. 11 Is a block diagram of an astigmatic focus 
control for use with the present invention; 
Fig. 12 shows an in-focus laser spot projected on 
a four quadrant photodetector. 
Fig. 13 shows an out-of-focus laser spot elongat- 
ed along a horizontal axis projected on a four 
quadrant photodetector, and 
Fig. 14 shows an out-of-focus laser spot elongat- 
ed along a vertical axis projected on a four quad- 
rant photodetector. 

Referring now to Fig. 1 , there is shown a servo in- 
scribing machine of the present inventton designated 
by the general reference numeral 10. 

Alaser 14 generates a beam of coherent collimat- 
ed light 1 8 which is directed to an aperture 1 9 by a pri- 
mary mirror 20. When the path of the beam 1 8 is al- 
tered slightly, an altered beam 21 is produced which 
strikes a beamstopper22. The beam 18 is directed to 
a lens 23 by a plurality of secondary minors 26. The 
lens 23 produces a focused beam 30 which is focused 
about a point "p" on a surface of a medium 34 as a 
focused spot 35. The focused spot 35 has a diameter 
do and a power Pq. A beam forming optical system 38 
can be positioned between the primary mirror 20 and 
the lens 23 to expand or contract the beam 1 8 to the 
proper size for the lens 23. The beam forming optical 
system 36 can have a telescope configuration so that 
the beam 18 remains coilimated. An actuator 37, such 
as a piezoelectric stage, can be mechanically con- 
nected to the lens 23. 

The medium 34 is supported by a platen 38 which 
is mechanically connected to a nK)tor42 by a spindle 
43. An encoder 44 is mechanically connected to the 
motor 42. An amplifier 45 is electrically connected to 
a power supply 46 by a lead 47 and to the motor 42 
by a lead 48. The power supply 46 provides all the va- 
rious power requirements for the servo Inscribing ma- 
chine 10 and may include direct current units, e.g. a 
5V dC unit, powered by an alternating cunrent power 
line. Th pow r supply 46 Is lectricallyc nnect dto 
alas rp wersupply49, to an acoustic ptic (AO) arrv 
plif i r 52, to a microcomputer 54 and to an input/out- 
put (I/O) interface 56 by a plurality of leads 58, 60, 62 
and 64, respectiv ly. A keyboard 65, a t rminal 66, 
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th amplifi r 45 and the input/output interface 56 are 
electrically connected to the mjcrocomput r 54. An 
acoustic optic (AO) defl ctor 67 is electricaily c n- 
nect d to th AO amplifi r 52 by a lead 68. A las r 
synchronization circuit 69 Is electrically connected to 5 
the input/output interface 56. the AO amplifier 52. 
and the power supply 46 by a plurality of leads 70. 71 
hand 72, respectively. A laser interferometer 74 di- 
rects a beam of coherent light 75 through a remote in- 
terferometer 76. A lead 77 electrically connects the io 
laser interferometer 74 to the computer 54. The laser 
interferometer 74 is a standard component which 
comprises a stabilized laser 78 and a power sup- 
ply/controller unit 79. The power supply/controller unit 
79 includes an RS232 communications interface 80 is 
and an A/B quadrature output 81 for step motor en- 
coder inputs. The beam of coherent light is directed 
from the laser 78 through the remote interferometer 
76 and to a retroref lector 82. 

The lens 23 is an element of a carriage assembly 20 
84 which also includes the retroref lector 82, one of 
the mirrors 26 and a slider 86. The slider 86 can be, 
for example, a cross-roller bearing slide assembly or 
an air bearing slide. A stepper motor 88 is mechani- 
cally connected to precision lead screw 89 which is 25 
mechanically connected to the slider 86. An amplifier 
90 is electrically connected to the power supply 46 
and to the computer 54 by a pair of leads 92 and 93, 
and to the stepper motor 88 by a lead 94. Afocus mon- 
itor 96 is located between one of the mirrors 26 and 30 
the carriage assembly 84 and is electrically connect- 
ed to the microcomputer 54 by a lead 98 and to a pow- 
er amplifier 99 by a lead 100. 

A debris evacuation system 106. which includes 
a blower unit 1 08 and a vacuum unit 110, located near 35 
the platen 38. is electrically connected to a control re- 
lay 112 included in the power supply 46 by a lead 114. 
An electrical lead 116 connects the relay 112 to the 
I/O interface 56. The debris evacuation system 106 
may also include a high potential electrostatic field. 40 

Fig. 2 shows the servo inscribing machine 10 
mounted on a standard vibration Isolated table desig- 
nated by the general numeral 1 20. The table 1 20 conv 
prises a plurality of vibration absorbing joints 121. a 
first platform 122. a second platform 124 and a third 45 
platform 125 supported by a plurality of vertical mem- 
bers 126. The vertical members 126 are supported by 
a plurality of feet 127 which are in contact with a floor 
1 28. Generally, vibration causing orauxilliary compo- 
nents, such as the laser power supply 49 and the mi- so 
crocomputer 54 are positioned on the second plat- 
fonm 124 or the third platform 125 while the major 
components such as the laser 14, the carriage as- 
sembly 84 and the plat n38ar positi nedonth first 
platfonm 122. ss 

Fig. 3 shows th pref rr d mbodiment of th 
medium 34. In the preferred embodiment, the medium 
34 comprises a thin, fl xible, cylindrically shaped 



piece f substrat 129 ( .g., a polyethylene ter ph- 
thalate (Mylar) disk substrate) coated with a magnetic 
layer on one or both sides, an embodiment generally 
referred to as a f 1 ppy disk. A plural Ity of grooves 1 30, 
which appear as a plurality of equally spaced, con- 
centric circles, are inscribed in the surface of sub- 
strate 129. A plurality of noninscribed regions 132 ex- 
ist on the surface of the substrate 129 with one of the 
noninscribed regk)ns 132 existing between every two 
adjacent grooves 130. The grooves 130 tnay be in- 
scribed on one face of the substrate 129 or they may 
be inscribed on both faces. A hole 134 exists in theaFV- 
proximate center of the substrate 129 and extends 
perpendicularly through the substrate 129. An outer 
ring 136 and an inner ring 138 also exist on the sur- 
face of the substrate 129. The outer ring 136 compris- 
es a ring which circumscribes the groove 130 having 
the largest radial distance from the geometric center 
of the substrate 129. The inner ring 138 circumscribes 
the hole 134 and is circumscribed by the groove 130 
having the smallest radial distance from the geomet- 
ric center of the substrate 129. The medium 34 having 
the groove/nonlnscribed ring configuratton just de- 
scribed will have n number of the grooves 130 on one 
face and n-1 number of the noninscribed regions 132. 

In alternative embodiments, the medium 34 
could be any cylindrically shaped magnetic medium 
capable of having grooves inscribed on either or both 
of its faces. For example, the medium 34 could be a 
cylindrical piece of rigid magnetic medium, such as a 
metal substrate coated with a magnetic layer one or 
both sides, an embodiment generally referred to as a 
hard disk. 

Fig. 4 shows a cross-sectional view of the me- 
dium 34 with the grooves 130 appearing on only one 
face of the medium 129. The grooves 130 have a 
width w and a depth d. The noninscribed regions 132 
have a width s which represents the spacing between 
the grooves 130. The substrate 129 has a thickness 
T. A magnetic coating 139 is located on the surface 
of the substrate 129 and has a thickness t The 
grooves 130 are indelible. In other words, once the 
grooves 1 30 are inscribed on the surface of the sub- 
strate 129, they cannot be removed or altered. It 
should also be noted that the depth d does not have 
to be well defined as shown in Fig. 4. In some situa- 
tions, it would be adequate if the surface of the sub- 
strate 129 were only "charred" so as to create a region 
of optical contrast between the charred and unchar- 
red regions. 

The grooves 1 30 comprise a plurality of continu- 
ous concentric rings with each ring having a radius r 
measured from an axis 140. which is coincident with 
th ge metric center of th cylindrical piece of mag- 
netic medium 129, to th enter fth groov 130. 
Th radius corresponding to the outermost groove 
130 is designated as rn and the radius corresponding 
totheinnerm st groov 130 is designated as ro.Sinv 
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ilarly, th n ninscribed regi ns 132 comprise a plur- 
ality of continuous concentric rings with ach ring 
having a radius x measured from the axis 140 to th 
center of the noninscribed regi n 1 32. The largest ra- 
dius value for noninscribed regions is designated as 5 
Xn and the smallest value of x is designated as Xq. 

In the prefenred embodiment, the spacing s is ap- 
proximately 17 ^m (0.00067 inches), the width m is 
approximately 3 ^m (0.00012 inches) and the depth 
d is approximately 1 ^m (0.00004 inches). The thick- io 
ness T of the medium 129 can range from approxi- 
mately 0.5 to 0.78 mm (0.002 to 0.003 Inches). In the 
preferred embodiment the thickness t of the magnetic 
coating 1 39 is approximately 1 to 2 ^m thick on, for 
example, a disk with a diameter D of 88.9 mm (3.5 in- is 
ches). For disks with diameters D of 133.35 mm or 
203.2 mm (5.25 or 8 Inches), the thickness t of the 
magnetic coating 1 39 could range from approximate- 
ly 1 to 3 ^m. It should be noted that the values stated 
for the diameter D are only given for illustrative pur- 20 
poses and the actual value is immaterial! to the pres- 
ent invention. Numbers such as 88.9 or 133.35 mm 
(3.5 or 5.25 inches) used in conjunction with nnagnetic 
media actually refer to the generic size of the media. 
Typically, it is the medium container that has the di- 25 
mension of 88.9 or 133.35 mm (3.5 or 5.25 inches) 
and the medium itself has a slightly smaller dimen- 
sion so that it will fit within the container. 

Fig. 5 shows a thin rectangular strip of magnetic 
tape designated by the general reference numeral 30 
144. 

The tape 144 can be used as the medium 34 in Fig. 
1. A plurality of longitudinal grooves 146 and a plur- 
ality of longitudinal noninscribed areas 148, analo- 
gous to the grooves 1 30 and the noninscribed regions 35 
132, exist on the surface of the tape 144. 

Fig. 6 shows a portion of an alternative embodi- 
ment of the servo inscribing machine 10 in which the 
platen 38 and the motor 42 have been replaced by a 
spooling device 150 for inscribing the magnetic tape 40 
144 shown in Fig. 5. The tape 144 is contained on a 
feeder reel 152 and a take-up reel 154. A pair of mo- 
tors 156 and 158 drive the reels 152 and 154, respec- 
tively, and are electrically connected to the input/out- 
put Interface 56 by a lead 1 60. A flat surfece 1 62 sup- 45 
ports the tape 144 in the region where the beam 30 
strikes the tape 144. 

Fig. 7 shows an alternative form of the medium 34 
in which the groove 130 comprises a single continu- 
ous spiral pattern 164. The plurality of nonreflective so 
areas 132, having an approximate width s as in Fig. 
4, exist between adjacent groove regions of the spiral 
pattern 164. 

Fig.8sh ws an alternative form of th medium34 
in which th grooves 130 comprise a plurality of pits 55 
166whichareapproxlmatetycircularinf rm.Th pits 
166 are arranged in ev nly spaced concentric rings 
having the spacing s as in Fig. 4. 



Fig. 9 sh ws anoth r alternative form of the me- 
dium 34 in which the grooves 130 comprise a plurality 
of noncontinuous grooves 1 68 arranged in concentric 
rings having th spacing s as In Fig. 4. 

Fig. 10 shows a portion of another alternative 
form of the medium 34 in which the grooves 1 30 conv 
prise a plurality of modulated grooves 169. The modu- 
lated grooves 169 are similar to the grooves 130 
shown in Fig. 4. but the width and/or the depth "d" 
change at a plurality of modulation points 170. Infor- 
mation can be encoded into the grooves 169 by ex- 
ploiting the location of the modulatton points 170. For 
example, in the preferred embodiment, the modula- 
tion points 170 occur at regular intervals and could be 
used to generate a dock. Similarly, other types of in- 
formation such as track servoing information or track 
seeking information could be encoded in the modulat- 
ed grooves 169. 

Fig. 11 shows the components of a commonly 
available astigmatic focus control which could func- 
tion as the focus monitor 96. The beam 18 passes 
through a half wave phase retardation plate 174, a po- 
larization beam splitter 1 76 and a quarter wave phase 
retardation plate 178, and impinges on the lens 23 
which forms the focused beam 30 and the focused 
spot 35. Some of the focused beam 30 Is reflected off 
the medium 34 as a reflected beam 180 which Is ret- 
rodirected back through the lens 23 and the quarter 
wave plate 178. The polarization beam splitter de- 
flects the reflected beam 180 so that it passes 
through an attenuator 182, a converging lens 184 and 
a cylindrical lens 186. The reflected beam 180 then 
impinges on a four quadrant photodetector 188 which 
is electrically connected to a servo amplifier 190 by 
a plurality of output leads 191. The amplifier 190 Is 
electrically connected to the microcomputer 54 by the 
lead 98. The power amplifier 99 is electrically con- 
nected between the actuator 37 and the microconv 
puter 54. 

Fig. 12 shows an in-focus Image 196 of the re- 
flected beam 180 projected on the four quadrant pho- 
todetector 188. 

Fig. 13 shows an out-of-focus image 197 of re- 
flected beam 180 which is elongated along a horizon- 
tal axis. 

Fig. 14 shows an out-of-focus image 198 of re- 
flected beam 180 elongated along a vertical axis. 

Referring now to Fig. 1, the method of operation 
of the media inscribing machine 10 can be explained. 
The medium 34 lies on the platen 38 which is rotated 
by the motor 42. The platen 38, which can be com- 
prised of stainless steel, should preferrably be sub- 
stantially flat with a surface finish of approximately 
50.8 10-® to 101.6 10-« mm (two to f ur microlnches) 
and substantially fr eofv rticalm v m nt This will 
ensur thatthe medium 34 will be rotat din a horizon- 
tal plane. The motor 42 can be a variabl rotati nal 
speed motor capable of attaining 0 to 3600 rpm in two 
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seconds or less and capabi of attaining 0 t 6000 
rpm in t n seconds or less with a 1 5.4 1 0-^ N/mm (for- 
ty pound/inch) Inertial load capacity. 

The motor 42 is pow red by th amplifier 45 
which can be a 110V A.C. single phase amplifier with 5 
a +/-10V input velocity control. 

The laser 14, which can be a five watt argon Ion 
laser, emits the beam of light 18. With an argon laser, 
the beam 18 has a wavelength of 488.0 or 514.5 nm. 
When the acoustic optic deflector 67 is deactivated, io 
the beam 18 passes through the aperture 19 and is 
directed to the lens 23 by the plurality of secondary 
mirrors 26. The mirrors 20 and 26 are optically tuned 
for the wavelength of radiation generated by the laser 
14 and are thus highly reflective for the beam 1 8. The 15 
lens 23 focuses the beam 18 and produces the fo- 
cused beam 30. The focused beam 30 Is focused 
about the point p substantially perpendicular to the 
surface of the medium 34 and produces the focused 
spot 35 having the diameter do and the power Pq. The 20 
lens 23 provides a total depth of focus at the surface 
of medium 34 of approximately sbc microns. The pow- 
er of the laser 14 is adequate to yield the power Pq of 
at least approximately .25 watt at the focused spot 35 
on the surface of the medium 34. Pq can be varied by 25 
changing the power out of the laser 14, for example, 
by varying the current going into the laser at the laser 
power supply 49. By rotating the medium 34 at a con- 
stant linear velocity, a constant anraunt of power per 
unit area is delivered to the medium 34. The interac- 30 
tion of the focused beam 30 with the rotating surface 
of the medium 34 creates the groove 130. 

The debris evacuation system 106 functions to 
remove debris generated by the heating of the me- 
dium 34 at the point P by the beam 30. The blower unit 35 
108 generates a stream of dean pressurized gas 
which can be nitrogen, for example, which blows 
across the surface of the medium 34. The vacuum 
unit 110, which Is generally located distally to the 
blower unit 1 08, operates at a negative pressure and 40 
sucks in debris propelled by the pressurized stream 
of gas. A high potential AC electrostatic field can be 
used in conjunction with the debris evacuation sys- 
tem 1 06 to collect debris for more efficient removal by 
the blower unit 108 and the vacuum unit 110. 45 

The microcomputer 54 initiates the groove in- 
scription process by activating the laser synchroniza- 
tion circuit 69. The encoder 44 sends a signal to the 
laser synchronization circuit 69 indicating that a rev- 
olution of the platen 38 is beginning. The circuit 69 de- 50 
activates the acoustic optic deflector 67 which allows 
the beam 18 to pass through the aperture 19 to lens 
23. The encoder 44 indicates when a predetermined 
numb r frev luti ns fth plat n 38 have occurr d. 
For exampi , the predet rmined number may b n 55 
or m re complete revolutions or it may b a f recti n 
of a revolution. On r voluti n of th plat n 38 cre- 
ates on of the continuous circular grooves 1 30 hav- 



ing a first radius ri. Before inscribing a new circular 
groov 130, having a s cond radius r2, the b am 30 
must be defl cted from the medium 34 and the lens 
23 must be m ved an Incremental amount t a new 
position. To Initiate this process, the encoder 44 
sends a signal to the laser synchronization circuit 69 
indicating that one revolution has been completed. 
The laser synchronization circuit 69 activates the 
acoustic optic deflector 67 which shifts the path of 
the beam 18 recreating the altered beam 21 which 
strikes the beamstopper 22. Because the altered 
beam 21 is not directed to the lens 23 under these 
conditions, there Is no beam 30 to strike the medium 
34. 

Simultaneous with the deflection of the beam 18, 
the microcomputer 54 activates the amplifier 90 
which causes the stepper motor 88 to move the car- 
riage assembly 84 an incremental amount The lens 
23 and one of the mirrors 26 move with the carriage 
assembly 84 because they are physically attached to 
it. Incremental movement (on the order of 0.0254 fim 
(Imicroinch)) of the carriage assembly 84 is accom- 
plished by the precision lead screw 89, having 1.58 
turns per mm (40 turns/inch) attached to the slider 86 
and being driven by the stepper motor 88 operating at 
25.000 steps per revolution. The laser Interferometer 
74. the remote Interferometer 76. and the retroref lec- 
tor 82 function in combination to evaluate the actual 
distance that the carriage assembly 84 has moved. 
Information on the actual movement of the assembly 
84 is conveyed to the microcomputer 54 via the lead 
77 so that further movement of the carriage assembly 
84 can be initiated. 

Once the carriage assembly 84 has been moved 
to its new position, the new circular groove 130 hav- 
ing the radius r2 can be inscribed. Generally, the 
grooves 130 are inscribed in the order of largest to 
smallest radius. The amount of the incremental move- 
ment of the carriage assembly 84 will correspond to 
the spacing s and the width w. The depth d and width 
w of a particular groove 1 30 is a fu notion of the energy 
density delivered by the beam 30. In order to achieve 
a constant depth d and width w for the grooves 130, 
the medium 34 must move under the lens 23 with a 
constant linear velocity. As indicated by equation 1 
below, linear velocity, V|,, is a function of the groove 
radius r. The spin velocity "b" is in revolutions per min- 
ute (rpm). 

Vl = 2jirxb (1) 
The energy. ED, of the focused beam 30 is propor- 
tional to the power, Pq. within the focused spot 35 div- 
ided by the spot diameter, do, multipled by the linear 
velocity V|, as shown in equation 2. 

EDx^ (2) 

By varying the rotational spe d(rpm)ofth motor 42. 
a constant linear velocity can be achieved despite the 
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changing groov radius r, thus resulting in a constant 
energy density being d livered to the medium 34. 

Another important factor In controlling the uni- 
formity of th grooves 130 is th v rtical movem nt 
of the medium 34. This vertical movement Is primarily 5 
reduced by restricting the vertical movement of the 
platen 38 and ensuring the flatness of the platen 38. 
As an added measure, the focus monitor 96 can be 
utilized to keep the beam 30 focused on the point p 
by nnovlng the lens 22 up and down as the surface of io 
the medium 34 fluctuates. The focus monitor 96 func- 
tions by causing a change In voltage which Is propor- 
tional to a change In the vertical position of the me- 
dium 34. The voltage change can be produced with a 
common focus error detection technique such as the is 
astigmatic focus error method shown in Fig. 11. Light 
reflected from the medium 34 as the reflected beam 
1 80 is collected by the lens 23 and retrodirected back 
through the quarter wave plate 178 which converts 
the polarization of the beam 180 from circular to linear 20 
polarization. Since the plane of polarization has been 
rotated ninety degrees, the beamsplitter 176 diverts 
the reflected beam 1 80 to the four quadrant photode- 
tector 188. The presence of the converging lens 184 
and the cylindrical lens 1 86 focuses and astlgmatizes 25 
the beam 180 Into a spot whose Intensity distribution 
Is non-uniform in the tangential and saggital axes of 
the beam 1 80 on the far side or near side of the ideal 
focus point of lens 23. The attenuator 182 is placed 
between the polarization beamsplitter 176 and the 30 
converging lens 184 to lower the beam power to with In 
the dynamic range of the detector 188. 

The astigmatic spot Is imaged onto the four quad- 
rant photodetector 188 as shown In Fig. 12. The out- 
put leads 1 91 of the photodetector 1 88 are connected 35 
to the servo amplifier 190 such that each two oppo- 
site segments of the photodetector are added and the 
resultant signal from each pair are subtracted to ob- 
tain an error signal (ES) as shown in equation 3. 

ES = (A + C) - (B + D) (3) 40 

The error signal is amplified by the amplifier 99 
and used to power the actuator 37, which could be a 
piezoelectric transducer. The actuator 37 moves the 
tens 23 up and down in a plane parallel to the axis of 
the beam 1 8. As the medium 34 moves in the vertical 45 
directbn, the nrK)vement is detected and the beam 30 
is refbcused by moving the lens 23 up or down relative 
to the medium 34. 

In the preferred embodiment the focus nrionitor 
96 is used once at the beginning of the inscribing of so 
each disk. Alternatively, it could be used continuously 
as the disk is inscribed. 

Another nr^ethod of reducing vertical (and hori- 
zontal) mov m nt of th medium 34, Is to mount the 
s rvo inscribing machin 10 nthevibrati nisolat d ss 
table 120. The vibration isolat d table functions to re- 
duce vibrati n by isolating th lens 23, the laser 14, 
the mirrors 20 and 26 and th platen 38 from external 



forces and from disturbances generat d within th 
machine 10. 

The microcomputer 54 can be an IBM PC/AT 
c mpatible typ comput r and a basic program, .g. 
Borland's Turbo Basic or Microsoft Basic, can be util- 
ized to control the overall functioning of the servo In- 
scribing machine 10. The input/output (I/O) Interface 
56 is electrically connected to microcomputer 54 and 
provides an interface for connecting circuits such as 
the laser synchronization circuit 69 to the microcom- 
puter 54. The interface 56 comprises a serial port RS- 
232 Interface board and an I/O interface with solid 
state relays that control the air valves for the blower 
unit 108 and the vacuum unit 110. The power supply 
46 provides power for the microcomputer 54, the laser 
1 4, the amplifiers 45 and 90 and elements connected 
to the interface 56. The control relay 112 In the power 
supply 46 provides control of the vacuum power. 

The servo Inscribing machine 10 can also be 
used to inscribe grooves on media having shapes 
other than the cylindrical structure of the medium 
129. For example. Fig. 5 shows a section of the long 
thin rectangular strip of magnetic tape 144. The long- 
itudinal grooves 146 are inscribed on the tape 144 by 
using the microcomputer 54 and the Input/output in- 
terface 56 to control the motors 156 and 158 shown 
in Fig. 6. As the tape 144 moves past the flat surface 
162, the beam 130 Inscribes the groove 146. At the 
end of the reel, the beam 30 is temporarily deflected, 
the carriage assembly steps to a new position and the 
tape is inscribed In reverse. 

The spiral pattern 164 shown in Fig. 7 is inscribed 
by setting the motor 42 to spin at a constant velocity, 
e.g. 3600 rpm, while changing the laser output power. 
The carriage assembly 84 is placed into a constant 
step rate motion of 48000 steps per second resulting 
in the spiral track spacing of 0.2 ^m (800 microinch) 
at 3600 rpm. This changes the radial position of the 
beam 30 and the point p at a constant rate. An index 
pulse from the encoder 44 is used by the laser syn- 
chronization circuit 69 to enable the laser 14 to the 
surface of the disk. Each subsequent index pulse is 
counted until a total of, for example, 840 revolutions 
is reached. At that point, the index pulse causes the 
laser beam 30 synchronization circuit 69 to remove 
the laser from the disk. 

In general, the proper step rate (SR), in steps per 
second, can be calculated from equation 4 below 
where the pitch equals the distance "s" plus V from 
Fig. 4, one step equals 0.0254 ^m (1 microinch) "b" 
is the spin velocity in rpm. 

SR = pitch X b/60 (4) 
Examination of equation 4 shows that the spiral pat- 
tern 164 is actually a "step** patt rn which approxh 
mat s a spiral. 

Th pits 166 shown in Fig. 8 are inscrib d by set- 
ting the spindle motor 42 to spin at a constant v tocity 
of, for example, 3600 rpm. The carriag ass mbly84 
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ism V d to the track 0 position and a command is is- 
sued t begin a track writ . At index, the logic in the 
laser synchronizatton circuit 69 begins to issue a 
puis train to th A/Odefl ctor 67 that is phase locked 
to the sector pulses from the encoder 44. This causes 5 
the beam 30 to be directed at the medium 34 for short 
periods of time, thus forming the pits 166. At the next 
index pulse the track is complete and the carriage is 
moved to the next track and the laser power is low- 
ered. 10 

The noncontinuous grooves 168 shown in Fig. 9 
are Inscribed by a process similar to that used for in- 
scribing the pits 166. The only difference is that the 
length of time the beam 30 is directed at the medium 
34 is increased for inscribing the grooves 168. is 

The modulated grooves 169 shown in Fig. 10 are 
inscribed by a process similar to that used for inscrib- 
ing the pits 166 and the noncontinuous grooves 168 
shown in Figs. 8 and 9, respectively. However, in- 
stead of the beam 30 being deflected away from the 20 
medium 34 for short periods of time, the power within 
the beam 30 is changed during the appropriate time 
interval. This causes a change of energy at the point 
■p" on the surface of the medium 34 which causes the 
groove width and depth to change at the modulation 25 
points 170. The modulation points 170 can carry en- 
coded information. 

Similarly, the pits 166 in Fig. 8 or the noncontin- 
uous grooves 168 in Fig. 9 could carry encoded infor- 
mation by causing width or depth variations in the pits 30 
166 or in the grooves 168. 

Other types of cylindrical media that can be used 
as the medium 34 in Fig. 1 include floppy disks of 
other generic sizes (e.g. 50.8. 133.35 and 203.2 mm 
(2. 5.25 and 8 inch) and rigid magnetic disks of vari- 35 
ous generic sizes (e.g. 50.8. 88.9. 133.35, 203.2 and 
355.6 mm (2, 3.5, 5.25, 8 and 14 inch). 



Claims 40 

1 . An information storage medium (34) for magnetic 
recording of data and for optical servo-position- 
ing of magnetic recording heads associated with 
said medium, comprising: a flat circular disk sub- 45 
strata (129) with two opposing surfaces each of 
which surfaces include a magnetic recording 
coating (1 39) having a first level of reflectivity to 
light; and optical, indelible servo tracks in the 
magnetic recording material coating (1 39). so 
characterized in that 

said tracks form a system of equally-spaced, con- 
centric, circular line patterns (130) dividing at 
I ast neof said opposing surfaces of th flat cir- 
cular disk substrate (129) and magnetic record- ss 
ing material coatings (1 39) int a plurality of ring- 
shaped concentric magnetic recording areas 
(132), and ach fsaklcircularlinepatterns(130) 



having am n t nes cond level f reflectivity to 
light that is substantially less than saki first level 
of reflectivity wherein an optical contrast exists 
b twe n each f said ring-shaped concentric 
magnetic recording areas (132) and areas com- 
prising said drcularline patterns (130) for optical- 
ly designating integer radial positions on the stor- 
age medium. 

2. The medium of daim 1 , further comprising: 

a spindle hole (134) in the approximate center of 

the disk substrate (129) that is concentric with 

the system of circular line pattern (1 30), 

an inner ring area (1 38) between the spindle hole 

and an innermost of said circular line patterns; 

and 

an outer ring area (136) between an outside peri- 
meter of the disk substrate and an outernDost of 
said circular line patterns. 

3. An apparatus used for inscribing optical servo 
tracks on a flat circular magnetic recording me- 
dium (34). 

wherein an optical contrast exists between areas 
comprising magnetic recording material coatings 
and track areas. 

the inscribing apparatus comprising: 
a laser light source (14); 
spindle means (43) for rotating a flat drcular disk 
substrate (129) with two opposing surfaces each 
of which sur^ces include a magnetic recording 
material coating (139) having a first level of re- 
flectivity to light; 

lens means (23) for focussing a beam (30) of las- 
er light from the laser light source (14) onto said 
surfaces at a spot intensity sufficient to spot heat 
and permanently reduce the surface reflectivity 
of said magnetic recording material coating (139) 
along a circular line (130) of travel concentric to 
the spindle means; 

radial positioning means (84, 86, 88) for position- 
ing the lens means (23) to allow said beam (30) 
of laser light to produce optical servo tracks, 
characterized In that 

a fine distance measuring means (74, 82) is pro- 
vided to detect the actual positbn of said radial 
positioning means (84) and to deliver step motor 
encoder signals (at 81) to control means (54, 88) 
of said radial positioning means (84) so that a 
system of equally-spaced, concentric, indelible, 
circular line pattern can be produced that divide 
at least one of said opposing surfaces of the flat 
circular disk substrate (129) and magnetic re- 
c rding material coatings (139) int a plurality f 
ring-shaped concentric magn tic recording areas 
(132). 

4. The apparatus of claim 3. 
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wherein said distance m asuringmean includes 
a pair of las r interferrometers (78, 78) and a ret- 
roreflector (82) on said radial positioning means 
(84). 

5. The apparatus of claim 3or4, further comprising: 
dynamic re-focussing means (37, 54, 96, 99) for 
maintaining a focus of said beam (30) of laser 
light on said surfaces regardless of relative vert- 
ical height variations along a path of said beam 
of laserlightthat may be caused by said magnetic 
medium (34) when its surfaces shift in position. 

6. The apparatus of daim 6, 

wherein the dynamic re-focussing means conv 
prises an astigmatic focus control (96) that in- 
cludes a multi-element photodetector(188) for re- 
ceiving a reflected light (180) from said surfaces 
when illuminated by said beam of laser light, a 
control system (190) for converting signals from 
said photodetector into electrical signals that 
cause an actuator (37) to move a lens (23) which 
focuses said beam (30) of laser light on said sur- 
faces, wherein a sharp focused spot (35) may be 
maintained on said surface regardless of dynam- 
ic variations that may occur in a distance between 
said tens (23) and said surfaces. 

7. The apparatus of any of claims 3 through 6, fur- 
ther comprising: 

air cleaning means (106) for dislodging and re- 
moving heated material by-products from said 
surface of said magnetic recording material coat- 
ing (1 39) that may occur during said focusing of 
said beam (30) of laser light from the light source 
onto said surfeces wherein such debris is pre- 
vented from later coming loose to obstruct the 
lens means (23). 

8. The apparatus of claim 7, further comprising: 
electrostatic field generation means for produc- 
ing a sufficiently high potential that will act on 
said debris and thus assist the air cleaning means 
(106) in removing contaminants from the ma- 
chine. 

9. A method for inscribing a plurality of grooves 
(130) on a surface of a magnetic medium (34) 
having a center (134), comprising the steps of: 

a) radially positioning a lens (23) onto a first 
point in a first predetenmined radial distance 
(ro ) from said center (134) of said magnetic 
medium (34), 

b) rotating said magn tic medium at a c n- 
stant angular velocity; 

c) dynamically focusing a beam (30) of las r 
light perp ndicularly ont said rotating mag- 
netic m chanism(34); 



d) automatically re-focusing for variations in 
surface height as said magnetic medium (34) 
rotates; 

e) det cting the rotational position of said 
6 magnetic medium (34); 

f) producing a f irst circular groove (130) hav- 
ing a lower level of reflectivity than the level 
of reflectivity of said magnetic medium (139); 

g) deflecting (67) away said beam (1 8) of laser 
10 light temporarily from said rotating magnetic 

medium (34) when a predetermined angular 
rotation of the medium has occunred, 

h) radially positioning said lens (23) onto a 
second point in a second predetermined radi- 

15 al distance (r) from said center (134) of said 

magnetic medium (34), 

i) repeating steps c, d, e, f, g and h for further 
circular grooves (1 30) until a system of equal- 
ly-spaced, concentric, indelible circular line 

20 patterns is produced. 



Patentanspruche 

25 1. Informationsspelchermedium (34) zum magneti- 
schen Aufzeichnen von Daten und zur optischen 
Servo-Positionierung von Aufzeichnungsma- 
gnetk5pfen, die dem Medium zugeordnet sind, 
mitfolgenden Merkmalen: 

30 einem flachen, kreisf5rmigen Plattensubstrat 
(129) mit zwei gegenuberliegenden Oberf li- 
chen, die je einen magnetischen Aufzeichnungs- 
f ilm (139) mit einem ersten Reflexionsverm5gen 
f Or Licht besitzen, und 

35 optischen, nicht I5schbaren Servospuren in dem 
magnetischen Aufzeichnungsfilm (139), 
dadurch gekennzeichnet, da& 
die Spuren ein System von in gleichem Abstand 
angeordneten konzentrischen, kreisfSrmigen Li- 

40 nienmustern (130) bilden, die mindestens eine 
der gegenuberliegenden Oberflachen des fla- 
chen, kreisfdrmigen Plattensubstrats (129) und 
die magnetischen Aufzeichnungsfilme (139) in 
mehrere ringfdrmige, konzentrische magneti- 

45 sche Auf zeichnungsbereiche (1 32) einteilen, und 
wobei jedes kreisfdrmlge LInienmuster (130) ein 
monotones zweites Reflexionsvermogen fur 
Licht auf weist, das wesentlich geringer ist als als 
das erste Reflexionsvermogen, wobei ein opti- 

50 scher Kontrast zwischen jedem ringformigen, 
konzentrischen magnetischen Aufzeichnungs- 
berelch (132) und Bereichen besteht, die die 
kreisf5rmigen LInienmuster (130) zum optischen 
Bez ichn n ganzzahliger, radialer Stell n auf 

55 d mSpeich nmedium umfassen. 

2. Medium nach Anspruch 1 , gekennzelchn t durch 
in Spindelloch (134) ungefShr in der Mitte des 

10 



19 



EP 0 344 759 B1 



20 



Plattensubstrat8(129}. dasmitdemSyst md s 
kreisfdrmigen Lini nmust rs (130) konzentrisch 
ist. 

einen inner n Ringber ich (138) zwischen dem 
Spindelloch und einem innersten kreisformigen s 
Linienmuster, und 

einen §u&eren Ringbereich (136) zwischen dem 
Au&enunrfang des Plattensubstrats und einem 
au&ersten kreisfdrmigen Linienmuster. 

10 

3. Vorrichtung, die zum Einschrelben von optischen 
Servos puren auf ein f laches, krelsfdrmlges. ma- 
gnetisches Aufzeichnungsmedlum (34) verwen- 
det wird, bei dem ein optischer Kontrast zwischen 
Bereichen besteht, die magnetische Aufzeich- is 
nungsfilme und Spurenberelche aufweisen, mit 
folgenden Merkmalen: 

eine Laserllchtquelle (14), 
eine Splndeleinrichtung (43) zum Rotleren eines 
f lachen, kreisfdrmigen Plattensubstrats (129) mit 20 
zwel gegenuberliegenden Oberf lichen, die je ei- 
nen magnetlschen Aufzelchnungsfilm (139) mit 
einem ersten Reflexionsvermogen fur Licht ent- 
hatten, 

eine Unseneinrichtung (23) zum Fokusieren el- 25 
nes Laserlichtstrahls aus der Laserllchtquelle 
(14) auf die Oberflachen mit einer Punktintensi- 
tat, die zum Punkterwarmen ausreicht und das 
Oberflachenreflexionsvermdgen des magnetl- 
schen Aufzeichnungsfllms (139) entlang einer 30 
kreisfdrmigen Streckenlinie (130), die zur Spln- 
deleinrichtung konzentrisch verlauft. dauerhaft 
verringert, 

eine Radial-Positioniereinrichtung (84, 86, 88) 
zum Posltionieren der Linsenelnrichtung (23), 35 
damit der Laserlichtstrahl (30) optlsche Servo- 
spuren erzeugen kann, 
' dadurch gekennzeichnet, dad 

eine PrSzisions-Abstandsme&einrichtung (74, 
82) vorgesehen Ist, um die tatsachllche Position 40 
der Radial-Postitioniereinrichtung (84) zu erfas- 
sen und Schrittnootor-Codiersignale (in 81) zu ei- 
ner Steuerelnrichtung (54, 86) der Radial-Posi- 
tioniereinrichtung (84) zu ubertragen. so da& ein 
System von in gleichem Abstand angeordneten, 45 
konzentrischen, nicht Idschbaren und kreisformi- 
gen Linienmustern erzeugt werden kann, die 
mindestens eine der gegenuberliegenden Ober- 
flachen des f lachen kreisformigen Plattensub- 
strats (129) und die magnetlschen Aufzeich- so 
nungsfilnne (139) in eine Vielzahl von ringformi- 
gen, konzentrischen und magnetlschen Auf- 
zeichnungsbereichen (132) eIntellL 

4. Vorrichtung nach Anspruch 3, bei der di 55 
Abstandm & inrichtung zw i Las rint rferome- 

ter (76, 78) und einen Retroref lektor (82) auf d r 
Radial-Positioniereinrichtung (84) aufwelst 



5. Vorrichtung nach Anspruch 3 oder 4 mit den wei- 
teren M rkanrialen: 

einer dynamischen Refokusierelnrichtung (37, 
54, 96, 99) zum Auf rechter halt n eines Fokus 
des Laserlichtstrahls (30) auf den Oberflachen 
ungeachtet von relativen vertikalen Hdhen- 
schwankungen entlang eines Weges des Laser- 
lichtstrahls, die durch das magnetische Medium 
(34) verursacht werden konnen, wenn die Ober- 
f lichen In Position verschoben werden. 

6. Vorrichtung nach Anspruch 6, bei der die dynaml- 
sche Refokusierelnrichtung unnfal^t 

eine astigmatlsche Fokusiersteuerung (96) mit 
einem Mehrelementen-Photodetektor (188) zum 
Empfengen eines reflektlerten Lichtes (180) von 
den Oberf lichen, wenn sle mit dem Laserlicht- 
strahl bestrahit werden, 

ein Steuersystem (190) zum Umwandein von Si- 
gnalen vom Photodetektor in elektrische Signale, 
die einen Aktuator (37) veranlassen, eine Linse 
(23) zu bewegen, die den Laserlichtstrahl (30) 
auf die Oberflichen fokusiert, wobei ein scharf 
fokusierter Punkt (35) auf der Oberfliche auf- 
rechterhalten werden kann ungeachtet von dyna- 
mischen Schwankungen, die In einem Abstand 
zwischen der Linse (23) und den Oberflachen 
auftreten konnen. 

7. Vorrichtung nach einem der Anspruche 3 bis 6 mit 
einer Luftfiltereinrichtung (106) zum Beseitigen 
und Entfernen von erhitztem Material als Neben- 
produkt von der Oberfliche des magnetlschen 
Aufzeichnungsfilms (139), das beim Fokusieren 
des Laserlichtstrahls (30) aus der Lichtqueiie auf 
der Oberflichen auftreten kann, wobei verhin- 
dert wird, dad sich solcher Schmutz spiter abldst 
und die Unseneinrichtung (23) verunreinigt 

8. Vorrichtung nach Anspruch 7, gekennzeichnet 
durch eine elektrostatische Felderregungsein- 
richtung zum Erzeugen eines ausreichend hohen 
Potentials, das auf den Schmutz einwirkt und da- 
mit die Luftfiltereinrichtung (106) beim Entfer- 
nen von Schmutz von der Maschine unterstutzt 

9. Verfahren zum Einschrelben mehrerer Rillen 
(130) auf eine Oberfliche eines magnetlschen 
Mediums (34) mit einem Zentrum (134), das fbl- 
gende Schritte umfa&t 

a) radiates Posltionieren einer Linse (23) in ei- 
nem ersten Punkt in einem ersten vorbe- 
stimmten Abstand (ro) vom Zentrum (134) 
d s nrmgnetischen M diums(34), 

b) Rotieren des magn tisch n Mediums mit 
inerk nstant nWinketg schwindigk it. 

c) dynamisches Fokusi ren eines Laserlicht- 
strahls (30) senkrecht uber das rotierende 
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magnetisch Medium (34), 

d) automatisch s Ref kusieren w g n 
Schwankungen in der Oberftdchenh5he. 
w3hrend das magn tisch Medium (34) ro- 
tiert, 

e) Erfessen der Rotationspositton des ma- 
gnetischen Mediums (34), 

f) Erzeugen einer ersten kreisfSmiigen Rilie 
(130) mit einem niedrigeren Reflexionsver- 
mogen als das Refiexionsvermdgen des 
magnetsiclien Mediums (139), 

g) Ablenken (67) des Laserllchtstrahls (18) 
vorQberigehend von dem rotierenden magne- 
tischen Medium (34) weg, wenn eine vorbe- 
stimmte Winkelrotation des Mediums erfblgt 
ist, 

h) radlales Posittonieren der Linse (23) auf ei- 
nen zweiten Punkt in einem zweiten vorbe- 
stimmten radialen Abstand (r) vom Zentrum 
(134) des magnetlschen Mediums (34), 

i) Wiederliolen der Schritte c, d, e, f, g und h 
fur weitere kreisfdrmige Rillen (130) solange, 
bis ein System von in gleichem Abstand ange- 
ordneten, konzentrischen, nicht Idschbaren, 
krelsfdrmigen Linienmustern erzeugt ist 



Revendications 

1 . Support de memorisation d'informatlon (34) pour 
enregistrement magn^tique de donn^es et pour 
asservissement de position optique de tdtes 
d'enregistrement magn6tique associ^s audit 
support, comprenant un substrat sous forme de 
disque circulaire plat (129) avec deux faces oppo- 
sdes dont chacune des faces comprend un revd- 
tement d'enregistrement magn6tique (1 39) ayant 
un premier niveau de r6f lectivite k la lumi^re ; et 
des pistes d'asservissement optique, Indei6bi- 
les, dans le rev§tement de matidre d'enregtetre- 
ment magnMique (139) ; 

caract^ris^ en ce que : 

lesdites pistes fonnent un syst^me de des- 
sins de lignes circuiaires, concentriques, 6gaie- 
ment espac^es, (130) divisant au moins Tune 
desdites faces opposSes du substrat sous forme 
de disque circulaire plat (129) et le rev^tement § 
base de mati^re d'enregistrement magn^tique 
(139) en une plurality de zones d'enregistrement 
magndtique concentriques annulaires (132) ; et 
en ce que chacun desdits dessins de lignes cir- 
cuiaires (130) a un second niveau nrK>notone de 
r^lectivite d la lumi^re qui estsensiblement inf6- 
rieur audit premier niv au d r^fl ctivit6 ; un 
contraste optique existant ntre chacun desdi- 
t s zones d'enregistrem nt magnStique cone n- 
triques annulaires (132) et les zones constitutes 
par I sdits dessins de lignes circulair s (130) 



p ur r connattr optiquem nt des positbns ra- 
dlales entitres sur I support de memorisation. 

2. Supp rts Ion la revendicattonl, comprenant n 
5 outre : 

un trou de broche (1 34) d peu pr^s au cen- 
tre du substrat de disque (129), qui est concen- 
trique avec le systems de dessin de lignes circu- 
iaires (130); 

10 une zone annulaire intdrieure (138) entre 

le trou de broche et celui qui est le plus h I'inte- 
rieur desdits dessins de lignes circuiaires ; et, 

une zone annulaire exttrieure (136) entre 
le ptri metre exterieur du substrat en forme de 

15 disque et celui qui est le plus k I'exterieur desdits 
dessins de lignes circuiaires. 

3. Appareil de tra^age pour tracer des pistes d'as- 
servissement optique sur un support d'enregis- 

20 trement magnetique circulaire plat (34), dans le- 
quel 11 existe un contraste optique entre des zo- 
nes comprenant des revetements de matifere 
d'enregistrement magnetique, et des zones de 
piste, I'appareil de tragage comprenant : 

25 une source de lumiere laser (14) ; 

un moyen formant broche (43) pour faire 
tourner un substrat sous fonme de disque circu- 
laire plat (129) avec deux faces oppostes dont 
chacune des faces comprend un rev§tement 

30 d'enregistrement magnetique (1 39) ayant un pre- 
mier niveau de reflectivity e la lumiere ; 

un moyen formant lentille (23) pour focali- 
ser un faisceau (30) de lumiere laser provenant 
de la source de lumiere laser (14) sur lesdites fa- 

35 ces avec une intensite de point suff isante pour 
chauffer le point et pour reduire de fagon penma- 
nente la reflectivite de surface dudit revetement 
de matiere d'enregistrement magnetique (139) 
survant une ligne circulaire (130) de trajet 

40 concentrique au moyen formant broche ; 

un moyen de positionnement radial (84, 
86, 88) pour positionner le moyen formant lentille 
(23) pour permettre que ledit faisceau (30) de lu- 
miere laser produise des pistes d'asservisse- 

45 ment optique ; 

caracterise en ce qu'un moyen de mesure 
de distance precise (74, 82) est prevu pour detec- 
ter la position reelle dudit moyen de positionne- 
ment radial (84) et pour deiivrer des signaux de 

50 codage de moteur pas-d-pas (en 81) au moyen 
de commande (54. 88) dudit moyen de position- 
nement radial (84) de maniere e produire un sys- 
teme de dessins de lignes circuiaires concentri- 
ques, indeiebiles. egalement espacees qui divH 

55 sentaum insl'un desdites faces opposees du- 

dit substrat sous fomne d disque circulaire plat 
(129) et les rev§tements de matiere d'enregistre- 
ment magnetique (139) en un pluralite de zones 
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d' nregistrem nt magn6tiqu cone ntriques an- 
nulaires(132). 

4. Appareilselonlarev ndicati n3,danslequ lle- 

dit moyen de mesure de distance comprend, sur s 
(edit moyen de positionnement radial (84). une 
pairs d'interf^rom^tres d laser (76, 78) et un r6- 
trordflecteur (82). 

5. Apparel! selon la revendication 3 ou 4, compre- io 
nant en outre : un nr^oyen de refocaiisatlon dyna- 
mlque (37, 54, 96, 99) pour maintenir la focalisa- 

tion dudit faisceau (30) de lumi^re laser sur les- 
dites faces, malgrd des variations de hauteur ver- 
ticales relatives le long du trajet duditfaisceau de is 
lumi^re laser, qui peuvent dtre provoqu^es par le- 
dit support magn^tique (34) lorsque ses faces se 
d^calent en position. 

6. Appareil selon la revendication 6. dans lequel le 20 
moyen de refocaiisatlon dynamique comprend : 

une commande de focal isation astigmatique (96) 
qui comporte un photoddtecteur d 6l6ments mul- 
tiples (188) pour recevoir une lumi^re r^fl^chie 
(180) par lesdites surfaces lorsqu'eiles sont 25 
6clair6es par ledit faisceau de lumi^re laser ; un 
systdme de commande (190) pour convertir des 
signaux provenant dudit photod^tecteur en des 
signaux 6lectriques qui font qu'un actionneur(37) 
d^place une lentllle (23) qui focalise ledit fais- 30 
ceau (30) de lumidre laser sur lesdites ^ces ; 
dans lequel un point focal is6 de mahi^re praise 
(35) peut §tre maintenu sur tadite face malgr^ des 
variations dynamiques qui peuvent se produire 
dans la distance entre ladite lentille (23) et lesdl- 35 
tes faces. 



(34) ayant un centre (134). comprenant les sta- 
pes : 

a) de positionnement radial d'une lentille (23) 
sur un pr mier p int d une premiere distance 
radiale pr6d6termin6e (ro) dudit centre (134) 
dudit support magn^tique (34) ; 

b) d'entratnement en rotation dudit support 
magn6tique d une vitesse angulaire constan- 
te; 

c) de focalisation de mani^re dynamique d'un 
faisceau (30) de lumi&re laser perpendiculah 
rement sur ledit support magn^tique (34) tour- 
nant; 

d) de refocaiisatlon automatique pour tenir 
compte des variations de hauteur de face lors- 
que ledit support magn6tique (34) tourne ; 

e) de detection de la position en rotation dudit 
support magnStique (34) ; 

f) de production d'une premiere ralnure circu- 
laire (130) ayant un niveau de reflectivity in- 
f^rieur au niveau de reflectivity dudit support 
magn6tlque (139) ; 

g) de deviation (67) dudit faisceau (18) de lu- 
mi^re laser temporatrement hors dudit sup- 
port n^gn^tique (34) tournant lorsqu'une ro- 
tation angulaire pr^dyterminye dudit support 
s'est produite ; 

h) de positionnement radial de ladite lentille 
(23) sur un deuxidme point ^ une deuxi^me 
position radiale pr6dytermin6e (r) dudit centre 
(134) dudit support magn^tique (34) ; 

i) de rdp6tition des stapes c. d, e. f, g, et h pour 
des rainures circulaires (130) suppl^mentai- 
res jusqu'd ce qu'un syst^me de dessins de II- 
gnes circulaires concentriques. indyi6biles, 
ygalement espac^es, soit produit 



7. Appareil selon Tune quelconque des revendica- 
tions 3^6. comprenant en outre : un nDoyen de 
nettoyage ^ air (1 06) pour d^loger et yvacuer, de 40 
ladite face, des sous-produits d base de matidre 
chauff^e dudit revdtement de mati^re d'enregis- 
trement magn^tique (139) qui peuvent se produi- 
re pendant ladite focalisation dudit faisceau (30) 
de lumi^re laser provenant de ladite source de lu- 45 
midrs sur lesdites faces ce par quoi de tels debris 
ne peuvent pas Stre libyr^s plus tard pour obs- 
truer le moyen formant lentille (23). 



8. Appareil selon la revendication 7, comprenant en so 
outre : un nDoyen de production de champ Slec- 
trostatique pour produire un potentiel suffisanrv 
ment yiev6 qui agira sur lesdits debris et aidera 
ainsi le moyen de nettoyage d air (106) d retirer 
les contaminants de la machine. ss 



9. Proc§d6 pour tracer une plurality de rainures 
(130) sur un surface d'un supp rt magn^tique 
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